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TECHNICAL EDTJCATOE 

BEING THE TECHNICAL* SERIES OP “CASSELL’S POPULAR EDUCATOR." 


* 


INTRODUCTION. 


BnoBX entering npon iha oonrse of lessons whic^ wa 
are about to lay before onr readers in The TECBMicai. 
EirucAXOB (wbioh is intended to fomisb a praciical 
aeqnel to tbe theoretical lessons contained in The 
PomnsB EnocATon/and to which work indeed it forms 
a necessery supplement), it appears desirable to state 
^ what isundcrstood by Technical Education, and to give 
some general idea of the system upon which it is our 
intention to proceed. 

Teohnicid Education, as we baTe*alreody eaplained in 
the address "To our Readers" in the concluding 
volume of Tbs PorviiAR Editcatob, means literally 
education in any special art, and in this sense, of 
course, it is capable of almost the widest application. 
T’lore is, in fact, no calling in life, no profession, voca¬ 
tion, or employment, from stalocroft and diplomacy 
downwards, through* tho long lines of brain-work and 
hand-work, whoso followers do not require a technical 
education peculiarly suited to it to enable them to pursue 
it with the best results to themselves and the largest 
amount of benefit to others. At the present day, how¬ 
ever, tho term “Technical Education" is not generally 
understood in so wide a signification, but it is confined 
to special instruction designed to enable men who live 
by hand labour to apply to their handicruit tho leading 
principles of science which bear more especially 
upon it. 

Without going to the length of giving a detailed list 
of all the different classes of hand-workers to whom 
this special kind of art instruction may be of benefit, 
we may at least indicate in gcmeral terms the oonrse 
of instruction we purpose to adopt in these volumes. 
The subject which primarily afibets those who would 
receive benefit friim Technical Education, is D&Awmo 
in its practical application to the mtrious Oonstructive 
Arts; as well ae to Desiob and Obbaushtatioh. Papers 
on these subjects, together with the kindred ones of 
PBRSFwiTtvB, PBoacnoB, and Peacticai. Gxouetbt, will 
run through the volumes of Thi Tbobitzcai Editcatob, 
those on Tscubicai. DEAWixe for Trade Purposes em¬ 
bracing Drawing for Oarpenters and Joiners, Masons, 
Metal Workers, and several others. Dxarev will be 
treated nndw ito variona conditions and in its difierent 
Biylei, both ae regards purity and oorteotneM of form, 
and hamony and balaoce of colour. With regard to the 
latter peitim of the aul^feet, sotciri information win 
be fpxnt la » aeriee of papera%poa tire Tbsost of 
The aubjeet of I^wmo la fo one branch 
‘iatimaMiy connected wHh that of PMeoRMO* Bvuimvo 


CoKSTBuenoN, which wiU fom another portion of onr 
serieB; these will treat of such pointa as the prin¬ 
ciples of construction generally, of scaffolding, and the 
strength, resistance, and applicabil% of different build¬ 
ing materisda. 

The prindplea of Mechanics and Machinery have 
already been laid down in Thb Pofvlab Eoucatob. In 
the present volumes we shall supplement this infor¬ 
mation by describing the practical application of these 
principles to tho machinery, tools, and agricultural 
implements in ordinary use. Special papers will also bo 
devoted to the Sxbam-xnqibe, in its various applicatio)^ 
to locomotive oud meohanioal purposes. A set of papers 
upon the principleB and practice of Exbctbjc TxussBAFBr 
win form a practical continuation to tho information 
already given on that anhjoot in Tub Popni.AB. Ebucaxob. 
Another very important snl^'ect which will form port of 
our scheme is Civil Enoibeebino, as well as the li^dred 
one of MiLitABY Enoineebibg and FoBaincATioE, and 
also what may bo termed Aobjculitibal ENQiNXEBoro, 
tho drainage and irr^tion of land, and tho making of 
fences and roads. 

A portion of onr space will be devoted to an ac¬ 
count of thq, various Akikal, Yesxtablb, and Miheral 
Pbodvcts, used in Trade, and tho processes of their 
manu&cture from the raw material into artides of 
utility and omamont. Closely allied to these subjects 
is Pbactical CuEiiismT, which will be treated of in its 
application to Trade Purposes and Manufactures, uid 
also to Agriculture. The course of instruotion we have 
thus laid down will be snfSciently oomprehensiTe to 
indnde every branch of handicraft work; but in addition 
to this, some special branches of manufaatnre will also 
receive separate treatment; among theso we may mention 
the Mahoeactube of Optical and Philosophical Ihsibi;- 
MEBTs, and Weapobs of Wak. ’ 

We have now enumerated some of the subjects io 
which direct instruction will be given, and we hare 
thought it advisable to add to them some others which 
will form a very interesting portion of the Woik, 
being at the same time of a ohoracter both ptadieal 
and instmotivo. Among these will be gireh descrip¬ 
tions of the Fbincipal Seats of Ihdubxbt in this a^ 
other countries ; Bioobaphibs op NotabU IWEinciBS JOfO 
Mamupaoiukxbs, with accounts of their vOrk; a sketch 
of I^^FjBOBBBsa AHD Pbachcb or TnpnneAi. E])o«ATn»i 
and an aooonnt of the Museuhs and ^aQO>(« op DttllM 
whiob hare already established for eadins Tedutieel 

Education in this oonntry. 



THE TECHNIOAIi EDIJOATOS. 


BTJILDING CONSTRUCTION—L 
nrrooscOTiOH. 

Tbs pnzpoaa of I3ie piaaent ooTuse of Isaoni is io give a general 
lotowledM of *' Bonding Coastmotion,” the epeoial branobee of 
rriddh Wul be e^jMcately treated in inbeeqnent attiolee. * 

The iaitriuitkm given bt this oonrae is simplified aa much as 
ie oomrietont witb the proper working ont of eobjeot, whilst 
tiie illnstrations are tendered as clear as possiblo, in ordet that 
the^ may serve not only as illastrations of oonstmotiop, but 
also as drawing copies—^ which a further series will be given 
In iiie lessons on “ Technical Drawing.” 

The student is strongly advised not to merely read the text 
and look at the examples, under the idea that the distinotivo 
forms win bo thus impressed on his mind, and that he wiU bo 
able to reproduce or apply them when required. Long ex¬ 
perience bos shown us that IMs plan is unsafe, and that lessons 
of this kind cannot be merely read as tales; though in those, 
too, it is now admitted that the illustrations of the events 
depicted servo to fix the acts, actors, and scenes on the memory. 
Ibis purpose may to a certain extent be accomplished by merely 
seeing tlic drawings j but our object is twofold. ‘We wish not 
<m]y to teach the student to read a now language, and that 
language a universal one, but to speak it fluently. Wo wish to 
teach a workman not only to be able to work from a drawing, 
but to make one. This applies not only to masons and brick¬ 
layers, but to all artisans; and if once the pleasure of being 
able to sketch with a piece of chalk from his pocket, or h^ 
rough fiat pencil, so as to satisfy and please his employer, 
is felt, we have no fear but that the artisan will continue kis 
stu^ of drairing with inoroosod interest. 

• In plain words, we wish these lessons to afford mental study 
combined with mauusl practice, so aa to oooustom the student 
not only to think, but to act—a glorious combination which the 
ednoatiem of the workers is most likely to bring about. The 
system therefore advised is that the student should first read 
'&e section carefully, roferripg to the outs, and accurately 
•bserving the lettering. The illustration should next be drawn 
to a larger scale, and lettered to oorreapond; and then the 
xeferenoes or description written underneath it: not necessarily 
tite whole text, but an abstract of the principles. The student 
irill then bo able to look over Us drawings oomisionally, and 
will see the oonstmotions at a glance; these glaucos will soivo 
as reminders, and ooeh will awaken a chain of ideas which may 
f<a the moment have glided away, but which such a gentle 
touch may call book again. 

It is further necessary to remind the student that the oqn- 
stmotions treated of in tltose lessons, and in those diverging 
from them, are all more or less dependent upon the geometrical 
principles, forms, developments, and projectionB which arc 
exemplifi^ in oiher lessons pven in these pages; and he is 
urged sot to rest satisfiod with merely copying the diagrams, 
but to vary the studios, to apply the principles, and to attempt, 
* however humbly, to design for himself. Let bim' look at ^e 
revival of orohlteotnre now going on around ns, and refleot that 
this is being aooompUshed by the careful and oonaoientious 
study of the sciences upon which the glorious edifices of old 
were oonstmoted, not by merely copying them $ and therefore 
it is that wo vihuld have the student throw his whole spirit into 
his vocation, and sot merely to hew stone or out wood, but to 

remombmr the words— 

€ 

Stamp oaob stone with earnest fading. 

In the rook thy soul rsvealing." 

Thus did the men of olden time. Their heart and soul was in 
iheir work, and when we look on it in the caihedralB and in the 
museums, with our spirit enchained and enraptured, we foil to 
wik, “How mn^ did it cost f’’ for, to the man who would do,his 
.duly, the question, “ How much shtdl I got for it ? ’’ must for the 
momeut siuk htfote the one great resolution, “1 uill do my best.” 
, But tile uttismi will ask, “ Will this bring me wages f ’’ and we 
snhasitatiigly answer, “Tes, it will; ” for we may fearlessly 
UMiithst never in the whols history labour has there been a 

• It via bo of sdnmtags to the student, Ubs hM not slresfiy done 
•Ob to go .timMigh the pipeis on "TMettcsl Gsometiy” which have 
e p fi e iieftin Tss Borcua Bdvcstou. Be must slsc follow the furtber 
ds ^ cpsBSBtetthatsshleeib together with the lassoM on "Predation,” 
wUSh will q^Ptufolhess psgss. 


period when tiie worknum has been deemed mere wortby ot ki» 
hire, or when greater tferte have been made, firet to toMh the 
artUim, and then to ehow appreciation of work, than the 
present. Let him bnt show that he pass csses, in the words oC 
Beynblds, “ a love of art, ead a desire to exo^” and he msgr 
bo assnred that he will want enoonragement for hn eflorto. 

OB THB DBkWIB(»‘BSQTnBBI> FOB VUtLVma 
PXmPOSBS. 

The drawings required for the general porpoaes of bnilding 
may be classed under four heads, vis. i— 

Puns. I ELxvMions. 

SscrioHS. I 'Woaxraa Dbawihos. 

To those must he added “ Fenpeotive Drawings,” which, how¬ 
ever, are not used in absolute oonstruotion, bnt are intended to 
represent the building when seen from various points of view ^ 
and “ ptojections,’’ by which the widths, eto., of elevations, and 
the tmo ^pes of the sections are obtaLoed. 

The terms plan, elevation, and section are fully explained and 
practically domonatratod in the lessons on “ Projection,” which, 
in its turn is based on the construction of geometric^ forms, 
treated of in the lessons on “Practical Qeometry” in the 
POFULAH EDTTCA.TOB. 

It must bo obvious that the course of instruction would he 
impeded were wa to repeat the definitions and examples already 
given in explanation of these terms, before entering on our 
piOBcnt subject. We would therefore earnestly advise the 
student to study the Joasons referred to; not to bo content 
urith the mere possession of the pages, but to icork each example 
oarefully; by this means ho will have laid (to use a term 
adapted to our theme) a firm foundation, the benefits of which 
he will experience during the whole course of his subsequent 
studies. 

Wo will merely, then, remind the reader that the plan of a 
bnilding, eto., is the exact form of the ground on which it 
stands or which it overhangs. (See lessons on “Projection.”} . 
Plans are spoken of os— • 

1. Block Plans .—These show the mere outlines of the build¬ 
ings, and their position in relation to the surronnding objects. 
In most oases the block plans are accompanied by drawings 
showing the levels of the ground and neighbourhood, the 
drains, gas and water mains, already existing, and the method 
by which the now works arc to bo connected with the old. 
Those drawings are, in foot, maps of the whole property, on 
which the general shape and position of^the buildings are 
marked. 

2. Eucavation Plans .—^This term is almost self-explanatory. 
These drawings give the exact shape of the oxoavations—tiiat 
is, of the hollows to be sunk for the required buildings. The 
term is derived from ex, “ out,” and eavus, “ hollow ” (Latin). 
They show tho trenches to be dug for the walls to stand in, and 
also give tho plans from which tho works below ground, snob as 
cellars, etc., ore to be excavated. 

8. Basement Plaits ,—^Those show the foundations and works, 
np to the ground-line or level of the ground. 

4. Floor Plans, sometimes oalled Ohamher Plans .—These 

show the exact difgiosition of the rooms, eto., on each floor, the 
Btaircases, eto. beginner might at think that one 

drawing oonld tiiow all tl^; but the idea would be erroneous, 
because ou the ground floor some apartmente, snob as store¬ 
rooms, larders, eto., or other outbidldinga might project from 
tiie housq and cover more ground than toe upper fleors} 
secondly, toe rooms in upper floors might be divided by parti¬ 
tions, whito woidd make toeir plans different from those btoiw, 
althongh covering toe same area. Dnder this head, thwefore, 
would be comprehended the grevni-floor pla/n, showing the 
dining-rooms and drawing-rooms (where toe latter axe on the 
ground floor), the entrance hall, stairaase, eto.; the chamber 
pUms, ahoirii^ toe bed-rooms, dressiiig-roonis, and bato-ttmins 
(and, of course, such a plan would be neoesaary for each fiber) i 
and toe attic plan, showing how the space is apportioned m toe 
highest floor ^ toe house. '' 

5. Itoqf Plcms ,—^Theso show too exact manner in wUto tl» 
building is to be covered, and the goiters by whioh toe water is 
to flow to toe heads of toe spouts by vrhioh it is to be oonv^ed 
away. It m usual to show ports of the roof plan unoovored, or 
naked; that is, wito ths slatesmf tiles removed, so M toalioir 
of a p]^ of the roof timben bUag siKnra. 
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XLXYAnoire. 

Elevations am euot geometiioal viowa of moh aide of tlie 
bui ld i ng . By tho tenn “ geometrioal view ” is meiuit a dzawing 
where erery port is rapteoented as'it rea% is, without any 
attempt at drawing the oidea or parti whioh would be seen if 
idle building were looked at from any partionlar point of 
view; for in a perepeotiTe d»wing, the variona parte, eooh aa 
windowe, doora, mouldinge, eto., would be renderad enoller as 
they become more distant, and thui the drawing could not be 
measured from; but in on elevation, the eye is eupposed to be 
eaacily in front of erery part of the aide of the building whioh 
is to deUneatod, bo that all the oizeB and forms romain unal* 
tered. As the subject of projecting elevations from given plans 
will be fully treated of in our lessons in “Projection,’' it is 
unnecessary to enter farther into it in this place, especnslly aa 
several opportnnitiea will occur in tho conrso of our study, 
in which ^e principleB taught may be practioally applied. 

It will be readily understood that as many elevations axe 
required as there are sides to the building; thus, in erecting a 
detached viUa—that is, one which stands alone—^it will be neces¬ 
sary to prepare the front elevation, tho back elevation, and two 
side elevations} whilst for a house in a street, situated between 
two others, only the front and back elevations would bo 
required. 

On all the plans and elevations figures ore placed to show tho 
measurements. Those on tho plans give tho widths of the 
different parts, whilst those on the elevations give for the most 
I>art tho heights; in order that it may Jse clear to whioh parte 
the dimensions apply, an arrt^-hcod is placed at eaoh extremity. 
Those are connected by »'-^otted or coloured line. This is 
broken off in the middle, and the necessary figures inserted. 

Of course, plans and elevations are drawn very much smaller 
than the real size, yet all the parts are represented in such 
aconrate proportion, that tho figures may be readily translated 
to tho required dimensions; this is call^ “ working to scale,’* 
and the proportion in which the drawing is made is always 
stated on it. Thus you'will notice in the margin, “ Scale, J inch 
to a foot; ’’ this moans, that every part of ^e drawing which 
moasures of an inch is to be 1 foot long in the building; and as 
there are eight-eighths in an inch, and twelve inohes in afoot, it 
will be clear that the drawing is one ninety-sixth of tho real size. 
When one dash (') is placed over a figure, it moans that that 
figure ropresenta feet; whilst two dashes (") ntazk inches ; and 
it is no doubt known to the student that X means “ multiplied 
by,” or, as it is generally termed, “by;” thus, if a room is 
marked 14'6" X 12'3", it means that it is to bo fourteen feet six 
inches long, hj twelve feet three inches wide. The mode of 
making scales will bo shown further on. 

SXCTIOWS. 

Tho drawmgs next required are called sections. Tho study of 

Projection ” will show wliat sections really are, and how they 
are obtained. It is, then, only necessary here to give a very 
simple definition of them, for it must bo dearly understood that 
Projection is not to be taught in the present lessons, but 
ajgplied; and therefore students axe urged to take up that study 
d&er prior to (whioh is the more advisable), or together with 
this, olkerwise they will be likely to become teuly “ mechanical 
draughtsmen,” that is, men who simply draw medianically, who 
work from a copy, and rightly or wrongly measure and draw' 
tike linos because they arc in the drawing before them, thus 
becoming mere drawing machines; whereas the study of Pro¬ 
jection will teach them to obtain an devation from a given plan 
and other datii, and to work out the sections according to tho 
required position. A seotion, then, is the fom wMch woiUd be 
presented if an object were cut in any given direction and one 
part removed, lima a plan may be said to be an horizontal 
section; that is, tiie form whioh would be presented if a largo 
knife were passed through a building poxalld to the floors, and 
the upper portion were removed. Sections are, however, usually 
understood to mean vertical (or upright) cuttings, generally 
PsxaBd to one of the elevations; thus, a longitudinal section is 
a outting paialld to the &ont, while a transverse section is a 
cutt^ across} viz., parallel to the sides of the building. 
Sections need not neceraorily be parallol to either side, but may 
be taken in any diroction that may be requirad, their position 
being shown by a line on the plan. 

Kow the section of » BoUd body diows just tho share of tho 


outting, or, in common terms, the “ slioe ” taken on a given line; 
but if tho object were hollow, its internal surfaoe would be 
presented to view; thus, if a house be supposed to be out from 
back to front, tho whale of the interior structure will bmme 
visible; and thus, by giving sectional drawings taken on 
different lines, the entire modw of construction of tiie floors, 
roofs, staircases, etc., are shown, as are also the mann^ in 
wUoh the rooms are placed over eaoh other, and the walla and 
chimney stooka are carried up. 

woKXiKO nnAwmas. 

Next we oomo to the working drominge, or os they are some¬ 
times called, the detailed drawings. Those ore to show exactly 
all the detail of the various parts, whioh could, of coarse, only 
bo rendered on a very sm^ scale in the general drawings. 
Working drawings, therefore, are made much larger; it is 
necessary, in fact, that tho dntwings of some of the parts be 
made of tiie real size, in order that tho detail may be peifeotly 
intelligible to the workman, so that drawings may bo made tor 
other ports which axe to fit exactly to them. 

Working drawings arc required not only for the builder, but 
for the purposes of tho decorator as well, in order that the 
ornamentation may bo designed so as to bo adapted to the size 
and form of tho saiface to bo oovored. They are also neebssory 
for the mason, in order that from them ho may make his templets, 
or pieces of metal, cut to the exact shape of the section, eto., of 
tho moulding or string eouise, and that by them bo may make 
all the tingle pieces of stone which ore to form trooeiy, of the 
exact form and size required. 

Detailed drawings are also required in making the patterns in 
wood from whioh ^e iron girders and other eastings are made, 
and for tho oarpentor and joiner, to show tho method of framing. 
in the doors, windows, shuttor-boxos, etc. It therefore becomflk 
necessary that a separate set of drawings bo provided for each 
trade. 

When it is intended that any part of a drawing is to represent 
in section, it is usual to cover such port with lines drawn at an 
angle of 45°. This is easUy done by placing the T-square with 
its oToss-hoad against tho left-hand edge of tho drawing-board, 
and moving tho set square (of 45°) along tho edge of the blade 
as each lino is drawn. The section lines shoidd not be placed 
too closely together, and if the drawing is to bo oolouxod, the 
colour should be applied first, and allowed to dry thoroughly 
before the section lines ore dmwit; for if the linos have been 
drawn first, tho oolour would be likely to “ wash up " the Indian 
ink, and so cause a smeared and blotched appearance. The 
lines whioh represent tho sections of stone, bricks, etc., are 
straight, but those which are to show tho sections of wood are 
so placed that they may either represent the grain or tho onrves 
whioh axe seen in tho ends of timbers, and which are parts of 
the rings of woody fibre of whioh the wood is formed. Care 
must be taken that none of those effects are overdone. Tho 
student must remember that be is not making a pioturesquo 
drawing (and even it he were, excessive elaboration of sueh, 
detail would bo out of place), but that “ trade drawings,” the 
“drawings of tho workshop,” must be purely indioativo, so 
that they may show at a glance tho different materials of which 
tho object is to bo constructed. This purpose is much assisted 
by tinting each part with tho eolours whioh are generally under¬ 
stood to represent the various materials. 

A few plain instraotious on the method of colouring draw¬ 
ings, and the colours usod to express the various matezial% will 
be given in the lessons on “ Technical Drawing.” 


ANIMAL COMMERCIAL PRODIJCTS.—I. 

INTBODtrCTION. 

Ik tho animal as in the plant world, wo find propfressive orgsinio 
development, boundless diversity of structure, and a boautifal 
Bubservienoy of means to ends. The highest type of life is 
Man. ^Hie diff erent grades of organisation have thexr purposes 
to fidfil, and each animated being has its own position indepen¬ 
dent of the rest, yet subordinate with reference to otiiers of 
mote complicated form and frame, especially with reference to 
man, for whoee benefit all seem to exist. 

With the soientifio olassification and description of living 
creatozes has lately arisen a desire fora soientifio detignatran st 
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their ocanomio uees, and a gtatement of thoir comparative com¬ 
mercial value, in order that tho appliances of social life and the 
chums of civiliaation may advance with the progress of inqnii7 
and the diffusion of knowledge. 

Energy and skill ore alike taxed for the diseovery of new 
properties in the hninml, the vegetable, and the minwal kmg- 
doxas; or for the further ntiliaation of properties long known. 

A oarknl study, then, of the contents of a ooUeotion like that 
in the South Kensington Hoaenm, together with the greater 
variety i»Maing through our Custom-house from the cargoes of 
all nationa, must be highly important, while it can hardly fail 
to he interesting. 

There is but one path for tho snocessful pursuit of knowledge 
, so valuable and so honourable—^tho path of soieuce; tor soienoo 
I is the track of truth, plain in oil simplioity, yet revealing tiie 
• symmetry and the beauty of the works of the Creator. 

ZOOIiOaiCAX, CLASSIFICATION. 

NaturaUsts have arranged the animal kingdom iuto two 
grand divisions. 

I. Vkkteubata (Latin, verUt, 1 tom), or vertebrated animalB, 
having the oentnd 
portion of tho ner¬ 
vous system, or the 
brain end spinal 
cord onolosed, the 
former in a oavity 
colled the cranium 
or skull, and the 
latter in a canal 
composed of a suc- 
SDaaion of united 
vortobne, or bony 
segments, or, as in 
some fishes, of oar- 
tUago. 

l^e Tortobrated 
animals are ar¬ 
ranged in five divi¬ 
sions or oloasss 

1. Mammalia 
(Latin, mamma, a 
teat).—Animals 
whioh possess mam¬ 
mary glands and 
suckle their young, 
bringing them f or^ 
olive. Examples: 
the monkey, ox, 
seal, elephant, and 
whale. 

2. Avat (Latin, 

^avis, abird).—<M- obnithobhtnchub, ob dpck-molb of apstbaua. 

parous vertebrated 
animala covered 

with feathers end organised for flight. Examples: the ostiioh, 

Bwan,*pheasant, and eagle. 

3. Kcptiiia ^tin, repo, to oroep).—Cold-blooded vertebrated 
animals, oovern with scales or hard bony plates, terrestrial or 
oquatio, air-broathing, and endowed with extrookhnoty powers 
of ^dnronoe under abstinenoo, or against bodily injury. 

Examples; the turtle, snake, orooodile, lizard. 

4. Amphibia (Greek, omphibios).—Eish-like in the early period i 
of their oxistenoe, breathing oxolusively by g^, and having a 
two-ohambered heart, finally becoming air-broaihers, acquiring ] 
lungs and a throe-chamber^ heart, losing wholly or partially 
their pieoino oharaoter, and becoming more or lees torrestiial. I 
Examples; Gie frog, toad, and protens. 

5. PUeu (Latin, piteit, a fish). — Oviparous vertebrated , 

animsls having a bianehisl respiration, a covering of scales, 
and an otgsnisaiion for life in the water. Examples: the ' 
sturgeon, o^, and herring. j 

n. Imvbbtxbbata, or animals destitute of a cranium or 
sknU, sod a vertobrsl eolnmn. 

The invmrtebrated animals'comprise four snb-kingdomB 

1, MoUu$ea (Latin, mollis, soft), or soft-bodied aniuials, 
jxqmlorly known os aheU-flsh. Examples: the oyster, pearl- 
STuteiS^muML 


2. Annuhsa (Latin, annulus, a ring), or ringed animals. 
Examples; crabs, looohes, and insects. 

S. RacUata (Latin, raiUus, a ray), or radiated animals. 
Examples: tho sea-anemone and red co^. 

4. Protosoa (Greek, protos, first, and zebu, animal), or firat 
animala. Example: ihe common ^>onge. 

We now purpose to take up the various animal products in 
Bucaesaion according to tho above zoologiaal arrangement. We 
begin with the highest and moat useful class of Vortebrata, 
or ihe 

PBODUCTS OF THX CLASS mAUUALXA. 

This olaas oomprises twelve orders, viz. t— 

1. Bimana (Latin, bis, twice, and mama, ihe hand), or two- 
handed animals. Example: man. 

2. Quadrumana (Latm, guatuor, four, and mama, the hand), 
or four-handed animala. Example : the monkey. 

8. Cheiropiera (Greek, chew, ihe hand, and pterm, a wing), or 
hand-winged animals. Example : the bat. 

4. Ineeetivora (Latin, ineeeta, insects, and voro, I devonr), 
isseot-eaters. Examples: the hedgehog, mole, and shrew. 

5. Carnivora 
(Latin, caro, camis, 
flesh, and voro, I de¬ 
vour), flosh-oaters 
Examples: tho lion, 
tiger, fox, and er¬ 
mine. 

6. Cetacea (Gr. 
kelos, a whale), or 
whale-like animals. 
Examples: tho por¬ 
poise and whale. 

7. Paelvydermata 
(Greek, pachus, 
thick, and derma, 
skin), or titick- 
skinned animals. 
Examples; the ele¬ 
phant, horse, and 
pig- 

8. Rwminantia 
(Latin, rumittare, 
to ruminate), rumi- 
natinganimols. Ex¬ 
amples : the stag, 
ox, and sheep. 

9. Edentata (La¬ 
tin, edeniatus, with¬ 
out teeth), toothless 
animals. Examples: 
the doth and armo- 

DtJCK-MOLB OF AtTSTIUZiIAs ^ , 

10. Rodenita 
(Latin, rodere, to 

gnaw), gnawing animals. Examples; the aquirrel, rat, rabbit, 
and hare. 

11. MaravpiaUa (Latin, marevpium, a pouch), or pouched 
animals. Examples: the kangaroo, opossum. 

12. Monotremata (signifying with one orifice or outlet), 
beaked, non-plaoental mammals. Examples: the echidna, or 
porcupine ant-eater, and the omithorhynohus or duok-mole of 
Australia, to wMdt oonstiy these monotrematous animals are 
poonliar. 

The Mammalia, living or dead, supply us with food in the 
form of flesh and miUc: alao with fur, wool, skins, hides, horns, 
hair, hoofs, fats, oOs, bone, ivory, etc. In some instances every 
part is available—aa, for example, in tho horse. Leather ia 
made &om the akin; the hair is manufactured into hadr-oloth 
and bags for omsldng seed in oil-imlls; the flesh furnishes 
food for dogs, poultry, and even men; the intestineB, a covering 
for sansages; glue and gelatine are formed from the tendons; 
knife-handles sad phosphorus from tite bones,- and bnttczis 
and snuff-boxes from tiie hoofs. 

I. TUBS. 

We derive furs from all the orders of the Mammali., with two 
ezoeptions—Siinanaaad Cetocea. Mim and the whales an mill 
















WEAPONS OP WAE. 


A. 


Imown to be iinooiih>Bkiimed animale. It is, hoverer, the 
^ Cemirora and Bodentia prmoipally wMoh sapply the market 
with furs. All onr fnrs, both home and foreign, ate either 
felted or dreseed; the former are need in the mannfaatnre of 
^ hate, the latter os artudes of clothing. For is one of the most 
'A perfect non-oondnotors of heat, and therefore, if properly pre- 
t pared, mokoe the most comfortable dothing that can be worn in 
I cold climates. We find the animals there provided by Nature 
with this substance for their own protection, and ther^ore man 
I has adopted it as the moat suitable dothing for himself. In the 
' prepared state skins ore called furs; without preparation, peltry. 

The hunter, as soon as the animal is oapti^d and killed, 
strips off the skin, and hangs it up to dry, either in the open 
air or in a warm room. If the skin is well dried and properly 
packed, it may bo sent to any distance, and will be received 
in good condition; but if uiy moisture is left in the skin, or 
if it becomes exposed to damp on the voyage, putrefaction 
ensaoB, the hair falls off, and it is unfit for use so far as the 
farrier is concerned. A minute examination of the skins 
received is therefore the first thing to be done; the grease is 
removed by steeping them in a liquid containing bran, alum, 
and salt, and by washing and scouring them; and the oil is 
extracted from the fur with soap and soda. By subsequent 
treatment, each skin is tanned and converted into thin leather. 
It is now washed in clean water and dried, and is then ready to 
be made up into articles of dress. 

Felting is a process by which the different kinds of hiur and 
wool ore intorl^ed or intertwined, so as^ form a olose com* 
poet texture or mat. The felting capabilities of fur depend on 
the peculiar structure of the hair. Hair capable of felting has 
its surface covered with little serratures, which may be seen 
with the miorosoopo; and the felting consists in simply en¬ 
tangling these serratures with each other, and so matting the 
hairs together. Hair which is devoid of t^ serrated struoture 
will not felt. 

The felting furs ore confined to a few animolB, such as the 
hare, rabbit, beaver, etc. These animals have two kinds of hair ; 
a long and coarse kind, forming their visible external covering, 
which docs not felt; and a shorter, finer, and more abundant 
kind, which lies close to the skin, and is called the fur, and 
whi(^ docs felt easily. When the skins arc intended to be 
felted, these long hairs are first removed, either by being plucked 
out, or by very^aref ul shearing. In the case of the beaver and 
rabbit, the long hair is pulled out with a short Imife, the' 
thumb of the operator being protected by a leather idiield. 
The long hairs thus removed are of no use to the hatter, but 
are sold for stuffing chairs. The fur is then out from the skin 
in a light floeey mass, and the flocks ore tossed about by the 
strokes of a vibrating string or bow, until matted together 
into a thin sheet of soft spongy felt; a second sheet is pressed 
. upon it, and then a third, until the required degree of strength 
and thickness of folt is obtained. Tho foUowiug are the most 
important of the fur-bearing animals:— 
qUADBtJMAiri.. 

The chief monkey-furs imported are those obtained from tho 
howlers, the largest of the New World monkeys. They ore 
mode up into muffs. 

CAENTVOBA. 

These onimalB, next to tho monkeys, are the most olosely 
allied to man in organisation. Naturalists have divided them 
according to their mode of progression, which depends on 
certain peonliarities in tho struoture of their feet, into throe 
loading groups:— 

1. The IHgitigradxB, or finger-walkers (Latin, digitus, a 
Huger, and gradior, I walk), from the habit eff walking on their 
toes. Examples: the lion, tiger, and oat. 

2. PlaeUigrades, or sole-w^ers (Latin, phmia, the sole of 
the foot), bMause applying the whole or the greater part of 

^ihe sole to the ground when walking. Examples: the bear, 
racoon, wolverine, and badger. 

3. Knnigra4a, or fib-walkera (Latin, pinna, a 3n or feather), 
having their fe^ well adapted for progreesion Ihurongh the 
water, by an ezpiuiBion of the skhi or web between the digits, 
and also for some slight degree of progteesion on land. 
Examples i tiie saal and walrus. 

I. oiomoEasut. 

Hiis division of the Oamivoxa inohides the family JMidm 


(Latin, fsKt, a oat), so nsmed by Lfanuena, beoauM an noeOnt 
example is furnish^ in the oommon domestio oat. axe 

oharaoterised by the strong, sharp, retractile talonB with which 
aU their toes arc armed; they have teeth to correspond, peon- 
liu^_ adapted for destroying other animals, and for tmuing, 
dividing, imd crushing fi^. Their sight is keen, to ' 
them to discern their prey, and they have groat power of db- 
Bombling, so as to be able to lure their victims to destmotion. 
It is most fortunate for mankind that these formidable 
have not'tho inetmot of sooiality; otherwise, what oonld with¬ 
stand a troop of Hons or tigers hunting in oonoert like wolves f 
The most celebrated species of genus is— 

The Lion iJPelis fee).—This magnifloent animnl ja distributed 
over the African continent and the southern ports of Asia. Tho 
long flowing mane of the male gives him a majestic appearance. 
His courage and strength are both indisputable, but he is as 
genuine a cat as the tiger, and quite as bloodthirsty and cmel 
in his disposition. About one hundred lion skins are annually 
imported into this oountty, chiefly from AMoa. 


WEAPONS OF WAR—I. 

BT AH omCEB OF THB KOVAL AKTILUEBT. 

IHTKODUCnON. 

In order properly to appreciate the various improvements which 
through snocessive oenturies have been intr^noed in weapons 
of war, and of which we see the combined results in the per¬ 
fected arms with whioh the modem soldier is provided, it is 
essential first to recognise distinotly the object which weapons 
are required to fulfil. In this way alone can we hope to obtsin 
a firm grasp of tho relative merits of particular types and 
olasses of arms, and of the oonsiderationB which have recom¬ 
mended this simplifioation and that modifioation, whioh hare 
determined the rejection of one weapon and the introduction 
of another. 

What, then, is tho use and object of weapons of war P What 
principle has ever governed.the advance of iliis branch of the 
world’s industry and ingenuity P The answer to those queetions 
is best furnish^ by a brief r^eronoe to the general history of 
the subject. The theoretical starting-point is that remote 
epoch when man attacked his enemy and bis prey with the 
weapons with whioh Nature hod provided him. Wo say “ theo- 
retioal,” because tho aotnnl existence of snob an exioch is 
extremely doubtful, and in any ease it must have been of 
insignifioantly brief duration. That quality which distinguishes 
man from the brutes must early, if not immediately, have en¬ 
lightened him as to the odvant^es to bo derived from the' 
employment of nooessory means of attack or defence. By a 
strange contradiction, the stream of almost Satanic ingmiui^ 
which since the time of Adam or of Coin has gone on widen¬ 
ing, and deepening, and strengthening—the tide of invention 
which has brought us the cannon and the rifle, the shell and ^ 
the torpedo, whioh has improved the rude guns of the fifteenth 
or sixteenth centuries into tho Armstrong of the present, which 
has changed Brown Bess into the Martini-Henry, whioh has 
dovolupod the “ infernal machine ” of Fioschi into the mftrail- 
lonr of onr own day—^tfais stream took its rise ijt the Qod-like 
quality of reason. Man's intelligence at once prompted him to 
do that whidi was to the boasts, against whom his earliest 
wars were made, impossible, viz., to second his efforts by ^noh 
assistance as he oonld draw from material resources. To weight 
tho flat with a stone, to odd foroo to tho blow by means of a 
stiok or club—such were the expedients at first adopted, and 
whioh we know, on the highest of all authorities, were employed 
in the daybreak of too world's history with fatal aucaeas. But, 
by degrees, that faculty which had suggested these rude anxi- 
Ikixy weapons, reached forward to other developments, and 
g^ve ns the fashioned side-arm of definite form, the shaped 
weapon of stone or flint, of wood and bronze, of iron and steeL 
And then, as the stndy of the art expanded, it became obvious 
that a great advantage wonld result troia the adoption of eon- 
trivanoes whioh wonld enable the enemy to be stmok at a 
greater dietanoe than band weapons permitted; and so we gi^ 
to the olaes of missile weapons—to the javelin, tte aseegsi, 
and others, to be thrown by band, and the projectile weapons, 
Buoh as the blow-pipe, for ptojeoikig poisoned darte, the bow, 
tile orosi-bow and the slinffi a^ the moxe powerful engines of 
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yna, muA (M tlie oatapnlt and ballista. And new we etrike the 
-fataok whioh leads more directly down to onr own The 
range <d these projectile weapons was so small, and their 
apooua^ was SQ imperfect, while the Importance of range and 
aoonxaoy beeame so oonolnmTely established, that the nest oon- 
aldptable development natorally took these directiona. At this 
point we mark the introdnetion of gunpowder, by which the 
ranges of offensive weapons and their practioal importance were 
at ones immensely increased. 

Tflth the introdnetion of fire-arms we mark, indeed, a new 
opOoh, althongh the object remained the same—the killing or 
dtobling of yonr enemy at the greatest diatanoe, and with the 
greatest oaso and certainty. The art received a new impulse; 
file “villainons saltpetre” breathed into it a new life; and since 
jdiia time men have laboured with an unfailing zest at the per- 
footing of fire-arms, to the gradual pushing into the background 
of mere bond or missile weapons. During this period the ano- 
ooasive improvements have nearly all taken the form of soma 
SMlvanoe in the production of long-range arms of precision of 
inoroasod destruotivouoss. The greatest distance, the groatost 
and most irrosLstihle oertamty of destmetion—those wore the 
two main olomants of suceess, the attempted achievement of 
which has advaeced us from the blunderbuss to Brown Bess, 
from Brown Buss t» the Brunswick rifle, from the Brunswick 
rifle to the Enfield, from the Enfield to ibe Henry, and IVhit- 
worth, and Motford. With cannon, in the same way, pressed 
by the same considorations, wo have advanced from the rude 
appliances of the sixteenth and seventeenth centuries to the 
smooth bores which wou the victories of Nelson and of Wel¬ 
lington, and, again, to the rifled guns of Armstrong, and Whit¬ 
worth, and Woolwich. Again, from the simple rsnnd shot of 
an early age, or the rude and imperfoct shell of the seventeenth 
century, wo havo travelled forward, always in the dixootion of 
inoroasod destructiveness, to the shrapnel, and the segment, 
and the huge, far-roaohing oommon and doable shell, with their 
enormous targes of powder, and to the Palliser projectiles, 
which set at dufianeo the stoutest armour-plating. 

Bnt, bnyond a point, precision and range lose their practical 
value. 'Vl^ere exactly that line is to bo drawn it is difficnlt to 
say. Some enthusiasts would probably place it at the limits 
of human vision; practioal soldiers, however, know that other 
considerations than those really determine the limits. At aU 
events, when men had got to military riflos, which would shoot 
with aoonracy for half a mflo or ttu'oe-qnartors, their instinct 
instructed them to seek to oxoroiso their ingenuity in another 
direction. To multiply the rate of fire, within the limits already 
attained, bocaino tlie problem of the day, and the result of this 
movement has boon the iutrodnotion of breech-loading rifles of 
immense varielj. and mauy of surprieing excollonoe. 

This brief and imperfect outline of the history of the subjeot 
will enable ns to note the direction in which the tide of im¬ 
provement has gradoivlly hut surely set, and to recognise, in a 
'general way, the objects which the artillerist and the rifleman 
have endeavoured to attain. 

Bnt it is also importaut to recognise the influence of other 
eonsidorations besides those of achieving dotenuiiiatc results. 
.Wat is an art osuoatially of praotioe and not of theory; and 
while theorists" Imvo boon olabaratiug complex contrivances for 
the destruction of human life on the largest possible soale, the 
! soldier, in his blunt way, has been over at hand to exclaim: 
' *' C’&t magnifique, mais oa n’est pas la guorro.” Sinjplioity 
in warlike nppliauoos is a necessity of their existenoo, which 
, unpractised designers are apt to overlook. Economy, too, is 
a consideration which the soldier canbot afford to disregard. 
, Capability of resisting rough usage, transport, exposure, and 
I ' climatic changes may also be classed among the essentials 
of engines of war, the duo obsorvanoe of which limits the 
ohannel along whioh the military inventor must travel. In the 
: case of warlike stores for Engiyi nos, these considorationB 
are especially important, on aooonnt of the scattered nature of 
onr dependencies, the variety of climates to which the stores 
ore likely to bo exposed, and the certainty that, in transport to 
our distant passossions, they will have ranch rough treatment 
fio endure. This is a lesson whitdt inventors, unfortunately, are 
dO'*' to learn. They pursne a phantom of theoretioal exoeUonoo 
In,utter disregard^ the consideration that the soldier wants 
the xesl, not ths ideal They trample nttblesBly on the prao- 
tioid arguments which are opposed to their headlong progress, 


and pnsh impatiently ein one side the objeatwns whioh thaw 
who know what wu is ventnie to suggest. Even so die- 
tingnished a man os Sir William Armstrong has not steered cleat 
of this rook. It is noticeable that, where his inventions in war 
matMel have trenched upon the provinoe of the ortilleiyman 
proper—in his broeoh-closing arrangement, for example, in hk 
fuses, and his shells—they have all been more or less foilnnei. 
When only mechanieal, as ^stingnished from praotieal mllitaiy 
considerations, were oonoemed, os in the etruoture of hie guns, 
they have been eminently enooessM. To those readers who 
may now, or at some future time, concave the idea of designing 
some weapon of war, we wonld give this serions advice: 'What -1 
ever yon may propose, be practioal. Seek the advice, if yon ! 
oan,(ff some plain-spokra soldier; one who has seen eervioe; one 
who knows something of the hurry and oonfasion and destmo- 
tion of action, of the ronghness of military transport; who cam 
tell you of the rains and heats of India; who knows how ohunsy 
ore a Boldier’a fingers, and how little snited to ingenioos refine¬ 
ments; one who can tell you, too, something of the brilliant 
faslnrea of scores of clever but nuptaatioal inventions, of fair 
hopes and extravagant promises wrecked on the first oontaot 
with the rongh tenohstone of practice—one, a'bove all, who will 
not mince mattois, bnt wiU say plainly, if need he, “ Yours is 
the silliest and moat nnptaotioal invention which I have ever 
seen.” He is the best friend to the inventor who speaks thus; 
he is the best friend also to his country, for he thus directs the 
inventive genius of th&oountry into a useful oonrse, instead of 
allowing it to filter itself away through vain channels into 
dreamland. On the other hand, we desire fully to recognise 
that the inventive moohanical genius and resonroo of England 
are among her native advantages, as substantial and importaut 
os her coal mines—advantages to be fostered and eherished by 
all means, and to be promoted by a liberal policy of encourage¬ 
ment on tho part of both soldiers and the Government. 

If the present papers should havo tho effect of directing 
attention to war matorial, and stimulating tho ingenuity of 
some who may honour them with their perusal, they will have 
aucomplished more than the writer can dare to expoot. Ho, 
on his side, would fail of his duty if ho did not, with all 
emphasis, urge those who would outer upon tho difficult and 
precarious path of improving onr war material, to be, above all 
things, simple and practioal. As Frodorick t]io Great said,! 

“ 'What is not simple is not possible in war.” ' ' • 

'Weapons of war may bo conveniently grouped into three 
main classes*:— 

1. Fobtabls Anna. 

2. AuiinLuiiY. 

3. Spsgul IssTauuEKrs or 'WxBrxBE. 

Each of those classes admits of further and almost indefinite 
subdivision. We* will prooeod to oonaidor them separately, 
under their partionlor heads. 

I. FOSTABI.E ABUS. 

Under this head ora ineludod all weapons which are borne 
upon a man’s person. They are of two principal divisions 

(1.) Side-arms. 

(2.) Fire-arms. 

(1.) Under the head of side-arms are indudod swords, spoors, 
lanoes, daggers, bayonets, pikes, javelins, arrows, and the like. 
Tho class is really a more comprehensive one than many persons 
suppose. The great advances made with fire-arms must bo 
aoknowlodged to tend to push such weapons as swords and 
bayonets into a more. snbordinate position. If yon can Mil 
your enemy a mile off, the prospects of bis being able to close 
with yott are evidently less than when the range of yonr 
weapons was only a few score yards. Similarly, tho great 
increase in tho raindity of fire of modern fire-arms renders 
leas possible a snoosssful ohargo of cavalry upon an infantry 
line or sqaoro, and by so much reduoes the value of the sabre 
or the lance. Bnt these considerations, which are porfeotly 
just in themselves, have bean pushed too far by theoriato, and 
many have liastily and impropotiy jumped to tho oonqlnsion 
that the daya of the bayonet and eword are gone by. To 
this the experience of the Franco-nmasau wax fnmishea an 

* The olssiea have been placed In the ehove order heoente that 
order ie, to some extent, historical, and indlcatos rongUy where the 
meet ancient and most modem oantrivanees win genetany be foand. 
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«nphatio eontmdiotion. It is quits sleac that despite the im* 
proTements in ibe-enosj hamd-weapcms sM possess oonsidor* 
able importance—^tbst they may eren determine tbe cxisiB of a 
stubborn fif ht. If an obstimte enemy cannot be disledged from 
bis entrsm^ents by a musketry or artillny fire, against wbioh 
bis defences may afford bim ample proteotion, he must be driven 
eut with the bayonet, at whatover oost, and this has been 
aceompliahed more tiiain ones in the present war (1870) j while, 
alibongh oavaby may no longrer be employed to ride down 
infantry squares, they wUl still be. lequir^ to sweep over the 
fields ^ battle, to 'complete a disoivanisatisn alr^y com- 
menoed, to convert a retreat into a rout, to drive home the 
wedge which the rifle end oannon have inserted. Here, there¬ 
fore, we see a continned nse for the bayonet, the sword, and the 
lance; and, acoordingly, we find all those weapons retaining 
itheir place in the British service. 

l^re are a oonsiderabla variety of swords in nse in our 
army—^the whole being mode at the Boyal Small Arms Factory 
at Enfield. The principal typos of swords are those for the 
oavalry, and the navy cutlass. Of the other ten sorts of swords 
enumerated in the official vocabulary, the greater part arc for 
seijeauts, for Highland regiments, for volunteer non-com¬ 
missioned officers, etc. Pioneers have a sword with a saw- 
baek, which is found useful in sawing through wood, removing 
obstacles, and doing some of the special work which pioneers 
are required to perform. It is noticeable that there is a grow¬ 
ing tendency to utilise band-weapons for more than one purpose. 
This is perhaps a natural result of thc^eoreased importance of 
'these weapons for the pextionlar purpose to fulfil which they 
■were originally introduced. 

We thus find that the latest pattern of bayonet—that which 
has been proposed for use with the Martini-Henry rifle—^is at 
once a sword, a saw, and a bayonet. This weapon has beon 
favourably reported upon. It serves to saw firo-wood on on 
emergency; it may bo useful for clearing away light obstacles ; 
it gives the infantry soldier wbat the simple bayonet docs not, 
an efficient band-weapon for personal defence or attack. This 
is a more nsofnl combination than that which has been proposed 
by 'some inventors—^viz., to combine in one a spado or trowel 
and a bayonet, or to make the bayonet so broad and flat that it 
could be worn round the neck as a piece of defensive armour 
for the breast. Wo have soon specimens of both these weapons, 
and liave roirognisod in them the handiwork of the unpractical 
inventor. If &e bayonet is to bo utilised for more than one 
purpose, the best combination is undoubtedly that described 
above—of a sword, a saw, and a bayonet, the handle serving to 
attach it to the barrel of the rifle. 

Some of the best—probably the best—swords in Europe are 
manufactured at Solingon, in Bhenish Prussia. Not less re¬ 
markable than the exoellenoe of those weapons and their flno 
temper, is their cheapness. An infantry‘officer’s regulation 
aword, with scabbard complete, can be bought at Solingen for 
something under ; an artillery officer’s sword for about a 
guinea. If purchased of good I^ndon makers, these weapons 
■cost from Jt4i to £5 ; but the London swords, the blades for 
whieh are generally obtained from Birmingham, ore in bo 
respect better than those made at Solingen. 

Visitors to the PotIb Exhibition of 1867 will not readily 
forget the magniflaent exhibition of sword cutlery f nmished by 
21. (kurl Beinh EIrsohbanm, of Solingen, and wUob, although 
surpassed in decorative exoellenoe by some of the Frenoh makers, 
whose highly ornamental and costly swords are rather examples 
of goldsmii^' than of outletB’ work, was unequalled for solid 
exoellenoe and cheapness by any swor^ in the Exhibitiotk The 
^lingen makers prefer cast steel to damosoened blades; the 
introdnotioB of the iron by whieh the damasoened appearance is 
pxodneed being oonsidSred apt to soften the sword and spoil its 
high chsiaater, which is estimated in a grdat degree by just 
and complete “ return “ of a blade after bending. All sword- 
xnSikerB are very far from agreed upon' tids point. By some it 
is thought tiliat the extent to yhioh a sword 'will bend is even 
more important than its perfeotly accurate return to straight¬ 
ness after bending. 

On this point the following remarks ooour in Ihe offioisl 
report on &e “Portable Anns” in the Psris Exhibitionr— 
‘“The power whieh a blade nu^ have of etnighiHuag again is 
aaasptad 1^ tiie Sdingen makere almost as a emoial test of its 
esodleiMei rndtriMnaaiiwd is.bswttoa p^nt bapondwhioh 


it can return perfeotly straight, thqy would ahnoat prefer it to 
breelc than that it should exhibit softness and remain erooked. 
On the other hand, it is argued by some that, although it is 
well that a sword riionld stnughten, it is better that it ehould 
remain permanently bent than that it shotdd bro^, a beat 
sword bmng more serviceable than a broken one; and the 
Solingen makers are considered to lay nndne stress npon-the 
strai^teoing qnalitieB of the sword. As, however, the flerihimy 
of a blade depends, after its quality, upon its transverse section, 
and 08 Solingen exhibits ewords which will bend almost round a 
man’s body, it would seem as though all tiie flexibility that 
could possibly be desired con be obtained without any adaflxtnie 
of iron. When a Solingen maker says he prefers that his sword 
‘—if it be bent beyond what it is oapable of standing—shonld 
break rather than remain crooked, the burden of proof rests 
upon others of showing what useful purpose would be served by 
making a blade oapable of bending further at tbo expense (ff 
Boine softness.” 

Next to the sword and ihe bayonet—^weapons which we have 
seen ore oomixg, in the hand of the infantry soldier, to be oom- 
bined—^the lance is the must important of military hand- 
weapons. Skilfully used, the lance is a most formidable 'weapon; 
unskilfully used, it becomes a terrible ononmbranoe. In bdia 
the lance is largely employed. It is peculiarly useful in xjursnite 
or in isolated combats. A few years ago, the bamboo staff was 
adopted for the lanoe of ilio British soldier, as being lighter 
than ash. Of the head of the lance there is not much to be 
said, except that it should be made of a good quality of steel, 
and of a form favourable to inflioting a serious wound. In the 
British service, the triangular head is preferred to the simple 
oonioal point. 

It is uueoessary, we thiuk, to dwell at any greater length 
upon the subject of weapons of the sword and lonoo class; nor 
is it worth while to touch upon the assegais of Africa, the 
arrows of the Indian, or the javelins and spears still in vogue 
among some of the ruder natioas. The consideration of these 
weapons con have no practical value. They are interesting 
rather from an antiquarian point of view, and as so many 
examples of the ingenuity of man in producing a huge variety 
of means of attack and defenoc. The projootile weapons—such 
as the javelin, the djerid, and the arrow—^havo completely lost 
their importance now that fire-arms have reached so high a 
pitch of devolopmont, and can bo procured even by tbo poorest 
and most savage nations. Even hand-arms proper, such as 
swords, lances, and bayonets, have faded into a subordinate and 
wholly seoonduy position, although, for special purposes, they 
must ever retain a certain value. But we must hasten on to the 
more interesting branch of our subject, and to the oonsideration 
of fire-arms, abont which wo shall have much to say. 


PROJECTION.—L 

INTBODUCTION. 

In the Lessons in Plane Geometry gives in the PoftHiAB 
EDtrcATOB, the figures treated of are suoh as possess length 
and breadth only, ^ese figures being oonsidored as troeed upon 
a fiat surface, o^ed a plane, thus showing their exaot forms as 
they are really known to be. * 

In these papers we shall treat of the delineation of SoUde 
—that is, bodies whioh poasoBs not only length and buoadtii, 
but thiclmeee as well; and tiie soionoe by wUch lines are so 
disposed that the representation of the object may seem to 
stand oat, or projeet„,ttom the flat snrfaoo of the papa, » 
called Pregeetion, which is a branch of Solid or Desoxiptivo 
Geometry. 

Tfao subject may be divided into— 

OrthograpJm Prejeetion, by means of whioh objeota ore pro¬ 
jected by parallel lines bom given plans, elevati<mB, or other 
data, the object bemg plaosd in any given position. 

leometrieal* Projection, by moans of wbkh a view of an 
object is projected at one definite wgle, a uniform scale, pro¬ 
portionate to &e real measurement, bting retained throughout. 

PerspeeHoe, by whhdi objects arc drawn aa they Ofgpear to 'the 
eye of tbe epe^tor from any point oC view that may be 
■Seated. 


From two Orssk words, m e anti i g eqaal nHsaane. 



THE TBOHNIOAL BDUOAIOE. 


Ilia ];)re8ent oonne of leasoni will ‘ombiaoe the whole of iheae 
divlBioas: oombiaing alao the mode of obtaining raqnirad seo- 
tiona, the methoda deaoribing the peonlkr onma generated 
by one Bolid bodf interaecting or penetrating another, and the 
dOTolopment of aorfaoea—that ia, the oonatraotion of the exaot 
Aape to which a metal plate er other material ia to bo out, ao 
aa to form or oorer the required object in the moat read;' and 
aooniate manner, and with the Imet waate—a branbb which 
will be further ooneidered in eubaequent atudiee, devoted to the 
teohuioal drawing adapted to the requirementB of the metal 
plate-worker, boilor-malcor, and tinman. The leaaone are given 
in aa aimple a manner aa poasible, bo that the atudent may be 
able to follow them with interest, and may be led to desire still 
further inatruotion than is here afforded; and it is hoped that 
the pleasure and benefit he receives from knowledge may awaken 


■liMraMTijBT PBraciruB or fbojeotiow. 

place two planes or surfaces at right aoglea to 

A B, ia 

called the honaontal, and the wall, c D, lie vertical. nlMiaa of 
projection. 

THx rBojxcnoH or unxb. 

Ko. 1.—^Let na take a piece of wire, and fix it in an 
poai^, ab, then the point on which the wire rests ia 
we horizontal projection, or plan t end if we cany lines directly 
back from ite extremities until they out the vortioal plane in c 
and a, the line c d is the vertioal projection or elevation of the 
wire. 

No, 2.—If a wire, « /, be fixed at right angles to the vertical 
piane, the point/, ia which it is fixed, is the eleuaiion, being 



in him that spirit enthusiasm which is the nuunspring of all the view which would be obtained if the model were placed on. 
progreas. It has been from the wont of enthusiasm that our an exact level with the eye, the point e being immediately 
wnkmen have been content with the small amount of know- opposite the spectator, ao that'the end only of &e wire could 
ledge which they have obtained from their “ mates” in the be seen. If now perpondicularB are dropped from e and/ until 
shop. It has this apathy which has caused so many to they meet the horizontal plane in g and h, the line uniting g 
be satisfied with the “ rule of 'Qmmb” instead of the rule of and h will be the plan of the wire, or the view obbijned by 
aeienee. It ia not the province of these lessons to dilate on the looking straight down on it. It must be remembered that in 
natural history of enthusiasm; but our object is to' warm up projection the visual rays ate supposed to be parallel to each 
the spirit of our fellow-countrymen—^to convince them that, N other, and not convergent,* as in pictorial perspective, 
they win but study the principles of the soiennes on which Fn^or, if we suppose a wire, 4/, to be suspended in space, 
thsfr trades are based, they will, with their acknowledged perpendiculars droi^ed from its axtremities to out the hori- 
wMAiMil superiority, hold that own against the men of every lioutal plane will give the plan hit then, if linee he drawn, 
eonntty in tiie world. Lrt us, therefore, interpret interest ^ from le and I to meet the vertioal plane in m and n, and itetpen- 
their ooeiqiation to imply enthusiasm; and let ns translats dicalBXBberuiaed from these points, interasoted by lines dnwa 
en tt i u s is a m to mean that ^tirU which wyes every man toiohis from the ends of the wire peoiallel to hm and In, the pointa o 
a»rh sw «odl os it eon possibly be dons, and to develiq;» the andp will be obtained, and the line joiiiing theaewill be the 
BMriul powns with which bia'Ombor has endesrad him to thtir sisvationof thewlroiy. 
ftfeet iKuteat, so that when he teves the wotkahoii cf life he 

BMlifn fta wwds of longfeltow. lsav» ^lootprints in the sands • oenmtgeet. fcomoon.«itt.sndvss8e.toi«cH«.(Uttn). AsWag 

i&vaitoaspaMs,sadanmahiagSBehoihiruntattiiyaHBt. 












PBOJBOTION. 


Ib the modd used for ilkstraitingr this leeson, the vertioal 
and horizostal plaoea are ooimeoted by hingee, and ace kept at 
tight aoglea to each other by means of a brass loop. If now 
the wires be removed, and the pin, r, be withdrawn, so as to 
allow the plane, c d, to fall baokwards, the two planes of pro- 
jeotion will form one surface, soparatod only by the line Z L 
(Fig. 2), and the plana and elevations will be seen in the posi¬ 
tions in which they are placed in projection. 

The line separating the two planes is o^ed the intersecting 
line, and will be lettered i !• throoghont these lessons.^ 

It must bo borne in mind that the plan of on object does 
not mean merely the piece of ground if stands upon, but the 
space it overhangs os well: thus, the piece of ground on which 
the small lodge (Fig. 3) would stand, is represented by the 
dotted square in (he plan, whilst the true space which the build¬ 
ing covers or overhangs is represented by the onter square. 

It will bo seen that in all the figures hitherto shown the 
lengths of the plans and tho heights of the elevations are the 
some 08 the heights and lengths of the objects they represent; 
thus edia the some length as a h, and k I and o p are the same 
length as i j; but plana are not always the size, nor are eleva¬ 
tions always the full height, of the object, both being dependent 
on the position or angle in which the subjoct to be drawn is 


» 

IL. From d drop a perpendionlar to cut tins line; then a s is 
the plan of b d in the position in which it is now plaoed (vis., 
parallel to the vertical, and indlined at 60” to the horiswtal 
plane); and if the movement of the wire were oontinued until 
it reached / (it would then be parallel to both pla^), the plan 
would bo the same line ezteiid^ to g. 

The line b d is said to be plaoed at a simple angle, because it 
is inclined to one plane, but remains paralld to the other. Let 
us now suppose the wire fixed px this slanting position, as far aa 
its inclination to the horizontid plane is .ooncemed—^but it the 
whole hinge is made to rotate on a pivot, so that, without alter¬ 
ing the slant, the end d may be turned forward—the line will 
then be at a compound angle, that is, it will be inclined, or 
slanting, to both planes. 

Now it will be remembered, that although we have turned 
the wire round, we have not altered its slant to the horisontal 
plane; it will (dierofore overhang a piece of ground of exactly 
the aome shape and size as it did in Fig. 4 ; but the position of 
that space will be changed. Lotus now assume that, in addition 
to the wire being inclined at 60” to the horizontal, it is required 
to slant at 451 to the vertical plane. Place the plan, h i (Fig. 5), 
at 45” to the intersecting lino, and draw perpendiculars from 
its extremities; the lino from will cut the intersecting line in 



placed. Before proceeding to treat of the ohangoe which Hnos 
Tindorgo by alteration of positiem, it is necessary that the terms 
used to define such positions should bo understood, and for this 
purpose we again refer to Fige. 1 and 2. 

Here w6 have the line a b standing upright on tiie floor of 
the model, and os its distonoe from the wall is tiie same through¬ 
out its entire length, it is said to be af right angles (or perpen- 
Mculwr) to the horisontal, and paralld to the vertical plane. 
The line e / is said to be at right angles fo the vertical, and 
parallel to the horizontal plane; and it is evident that tiie Ime 
{ y is parallel to both planes. 

It will be seen that whilst the plan of a line when standing 
i^right is a mere point (Fig. 2, a), the plan of the same line 
when plaoed horizontally, as k I, is the full length of the original. 
Figs. 7, 8, 9, and 10 will aoconnt for ibis did'erenoe, and will 
show how the length of the plan is dependent on the angle at 
which the line is inclined. 

Let the original position of a wire (Fig. 4) be perfeotiy 
upright, then ite plan will be the point a, end its eWation the 
line b e. 

Now, if this wire be made to work on a hinge-joint at b, and 
if the end e be moved firom left to right, as from c to d, the 
end d bring kept the eame distance from wall of the model, 
the wire will etOl be parallel to the vertieol, but inclined to 
the korieontal plane (of course it may be ineUn^ at any angle; 
ia this coee it ia at 60”). 

To find the ptani of thia wire, draw a line from a, paraUri to 


y, and will give the base of (he lino. To find its height, we 
must remember that, olthough we turned the wire round, we 
did not alter its slant, and therefore the height of the end ’d 
remaina the same as it was; ao that an horizontal line being 
drawn from d (Fig. 4), to meet the perpendicular drawn from 
i in the point k, the line y k will bo the projection of the wire 
inclined to both planea at the required angles. 

It will be seen (hat in this case both plan and elevation are 
shorter than the line itself. 

Exkbcisk.—T o find the real length of a line whdn it is 
inolinod to botii planes, and its plan, h i, and the height of (ho 
end is given. Draw a line, iI, at right angles io hi, and make 
it equal to the given height. Then the line h I will be the real 
length; foe the plan, the original line, and a perp end i onl a r 
dropped from its end form a right-angled triangle; and this 
triangle, instead of standing upright, as in Fig. 4, is plaoed 
horizontolly in Fig. 5; and the line h I will thns be found to be 
of the same length as b d. This may be illustrated by hold^ 
a set-square vertioaUy, and rotating it on its edge until it lies 
on the horizontal plane; the real lengrth of tho_ long edge (or 
hypothenuse), which when the set-square was vertieol was repre¬ 
sented by ita plan, h i, will (hen become visible. 

Fig. 6. —Again, it hiw been shown that if a wire were fixed 
at 0 , at right angles to the vertical and parallel to (he hori¬ 
zontal plans, its' plan would be m n,- and its elevation the 
point o ; and if it were rotated on the point n until it boeome 
parallel to i !•, its |hm would be up, and ita elevation ogf 
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bnt, on the principle Bhown in ilfa. 4 and 5, if irill be erident 
that if 1^0 irixe be rotated onljr as fax as r, the eleyation of it 
erill be the line o a. 

mojTCrioN or flaihcs ob bi7bfaces. 

The aame laws wbioh guide the projeotion of single lines will 
also gorem the delinoatioa at planes, wMoh are flat surfaces 
bounded bj linea. Let abed (Fig. 7)‘be a metal plate, the 
snifaoe of wUeh is parallel to the vertioal and perpendicular to 
the horiaontal plane; ita plan will then be the lino a' b'. ■ It 
now pfauae be turned, so as to bo at right angles to both 
planes, its plan—^that is, the line on which it would stand— 
will be a' b' (Hg. 8], and its oleration tiie line a" e", or tho view 
obtained when lool^ straight at the long edge. 

Now let this plane rotate on the line a" e", as a door on its 
hinges, until tho plan reaches b", thou a perpendionlar drawn 
from b' will give the rectangle a“ e” V" i'", which will be the 
pro]oetion of the plane, when perpendionlar to tho horizontal 
Mci^clined to the vertical plane, the height remaining nnaltorod. 
The other rectangles show tho projeotionB of the plane when 
further rotated. 

E^g. 9.—In this flgnro the plane again rests on a b, its edge, 
i d, only being visible in the elevation; but this edge hides the 
opposite one, which is parallel to it, and thoroforo the points a 
sad c" are immediately at tho back of, or “ beyond,” h d. Let 
ns now rotate the plane on a b, as in closing a box-lid or trap¬ 
door, then the plan of the plane will bo the rectangle o b c" d"s 
and the more the plane is lowered, the longer tho plan will 
beoome, as is shown at e and/. Notwithstanding tho slanting 
direction which the plane has assnmod in relation to the hori¬ 
aontal plane, it stUl remains at right angles to tho vertical 
plai&. This is shown in the plan, where tho lines a b and e" d", 
which represent the upper and lower edge of tho plane, are por- 
pendioulor to i n. us now plooo the plane at a compound 
angle; this will be done by rotating tho plan (carefiilhj lettered, 
OB in Fig. 9); then, perpendiculars drawn from each of the 
points, intersected by horizontal lines from tho corresponding 
points in the elevation, will give the required projeotion. Tho 
process is so plainly shown in tho illustration (i^. 10) that it 
is believed further explanation will be unnecessary. 

Tho student is urgently recommended not to bo content with 
simple copying tho diagrams heroin given, which arc merely to 
be considered as illustrations of principles; and thus, unless 
tiiose principles bo understood and applied, nothing will bo 
gained. Ho is therefore advised to vary the form of tho plane, 
smd to project it at various angles. 


MINERAL COMMERCIAL PRODUCTS.—!. 

INTKODTJCTION-MINEBAL SAW PBOBOCB. 

'Wbilb wo are indebted to tho animal and vegetable worlds for 
B vast variety of useful products used for food, clothing, medi- 
dae, the cemstruotivo arts, and a oonniloBs number of other 
purposes, it is from the mineral kingdom that wo obtain onr 
ooal, iron, building stone, precious metals, salt, etc. Of the 
uses of these and other mineral oommeroial products named in 
the annexed table, it is onr pnrimse to give some account in this 
«nd subsequent lessons in this important subject. Mineral 
raw produce may be conveniently ^vided and oonaidered as 
follows s— 

1. HBTAI.S Aim HXTAIJ.irXBOCS MiNEIUIiS. 

Iron: Magnetie iron ore, Htaniferous iron ore, red homo- 
tite, brtnm hamatite, spathic ores, clay ironstones, other 
ores. Process qf smelting, puddling, etc.; steel, supply 
of iron. Gktld, silver, qniokailver, platmnm, tin, copper, 
lead, Bbio, aluminum, antimony, bismuth, oobalt, arsenic, 
manganese, ohrominm (scith their chiqf ores, vses, locali. 
ties, etc.). 

H Naktht Minsiuxb. 

(a) Coals and allied Suhstances. 

OmI : Lignite, bituminous coal, steam coal, anthracite. 
Supply of cogd. Jet, amber, naphtha, petroleum, asphalt, 
mineral pitch. 

(b) Umesfones, lAmes, and Cenunts. 

Common limestones, ornamental limestones, and so-osUed 
marbles; msrbte, oonl limestone, msvl, oaloareons sand, 
gypsom; eemposition qf Umes, stuoeoee, and cmsnft. 


(c) SiHceeus and Felepafhie Suhstances, 

Book crystal, qnartz, and ^t; sandstones, paving, mill, 
and bnilding stones; rilioeons sands, rottenstone, Bath 
brioks, Tripoli powder, Bilin powder, bexg-mehl, tellnrine. 

(d) Igneous and Uetamorphic Kochs. 

Granites: Syenite, mioa, talc, asbestos, scapentine, basoltio 
rooks: greenstone, whinstone, trap, lava, obsidian, pumioe- 
stone, pozxuolano, and trass. 

(e) Clays and allied Suhstances. 

Common day, yellow, brown, and bine; kaolin and pe¬ 
tuntse, pipe olay. Are clays, Stourbridge clay, fnller’B 
earth, rod and yellow ochres, slates, hone stones. 

(/) .Earths of Sodium, Potassium, Boron, Sulphur, etc. 

Common ^t, rook salt, soda, chlorine, alum, nafoon, boiaz, 
aaltpetre or nitre, onbio nitre, heavy spar, cystine, 
atrontianito, finer spar, snlphur, suTphurie aeid, graphite 
or plumbago; mineral manures, phosphates of lime, 

(g) Predous Stones. 

1. CarboBBCOouB: diamond. 

2. Alnminons : ruby, sapphire, emerald, topaz, comudnffi, 
garnet, beryl. 

3. Siliooona: amethyst, Caimgom stone, agate, sardonyx, 
opal, chalcedony, camolian, jasper, lapis-lazuli, turquoise. 

1.—METALS. 

IRON. 

This valuable and indispensable metal is, in a variety of 
forms, almost nnivorsally diffused throughout tho earth. It is 
of incalottlablo use in oU the appliances of modem oivilisation 
—in machinory of oveiy description, instrumonts, implomonts, 
and tools of all kinds ; arohitoctnre and domeatio fittings and 
utensils; oonveyanoo, both inland and maritime; apparatus for 
warming, lighting, and water supply ; and ovou in medicine, to 
impart renewed vigour to tho failing human frame. It occurs 
in all parts of tho earth, in all geological formations, to which 
it contributes a groat part of their colouring matter; it is 
found in all spring and river waters; and it enters into the 
compo,sition of both plants and animals. It is prusont, too, as 
the principal ingredient, in the oxtraordiuary fragments called 
meteoric stones, and is thus a constituent of worlds beyond onr 
own. It can bo molted and cost into monlds, softened, and 
hammered ont into plates, drawn out into bars and wires, tem¬ 
pered to almost any degree of flexibility, hardened so as to 
scratch glass, and sharpened to the keenest cuttuig edge. In 
sumo of its natuTsl forms, and also when heated to redness, 
iron is highly magnetic. Pure iron is white, or greyish-white, 
lustrous, soft, and tough, and it is one of the most infusible 
of metals (fusible at 3,480® Fahr.). Its specific gravity is 7'84. 
When beaten out it appears granular in strauimre; when drawn, 
fibrous; and to this latter peculiarity is attributed its extra¬ 
ordinary tenacity. , 

Metallio iron os it occurs in meteoric atones is uanolly alloyed 
with niokel and otlier metals, bnt its oocnrrenoo os terrestrial 
native iron is doubtful. There are many minorolB containing 
iron, bnt of those only tho oxides and carbonates ore so used 
by the smoltor; they ore magnetic iron or loadstone, spoonlar 
and micaceous iron ores, the red and brown haeuiatiteB, the 
spathose ore and the ola; ironstones. 

The maximum develqpmont of iron ores appears to be in fhe 
palnaozoic rocks, the largest and richest doimsits being con¬ 
tained in the Laurentian rooks of North Amerioa and Soaudi- 
navia; they are abundant in tho Devonian rocks of Germany 
and south-west of Nnglond. Tho Carboniferous system is espe¬ 
cially marked by the prosenoe of interstratifiod argiUaoeous 
carbonates, both in America and Europe. The celebrated 
kidney ore of Cumberland is found in Permian strata, lAe 
Secondary rooks ore rich in bedded deposits of ironstone, and 
the Tertiary series yields limonites. 

Magnetic iron ore, or Magnetite, is the black oxide (Fe,0„ or 
FeO -f Fe,0,), and oontsins 72‘41 per cent, of iron. It oodnrS in 
many parts of the earth in huge mosses, forming tho snbstsnoo 
of hills and even mountains, as in the mountain of Blsgod, 
among tho tJials, and in some Mis of Swedish Lapland, Hexioo, 
and Styrio. In Canada magnetito is fonnd abundantly in the 
gneiss and crystalline Ume^nes constituting the Laurent^ 
rooks: it ooours in irregular beds, often of considerable thiidc- 
ness, in one instonoe os mnoh os ^0 foot. In the '^ts of 
I New York this mineral oocupies rim Tolley eff AdSrassSaa sod 
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Ita aeighbonrhood for it mils in widiii and twenty milei in 
langfh. In onr ovn aonnizy it ooenra in Dartmoor, at Bose- 
dale, and in Antrim; and it is found abo in’ Kew Jersey, Ponp* 
sylTBaia, Noya Sootia, and parts of the East Indies. This ore 
is not only the richest in pure matol, bnt famishes also the 
finest qualities. It is remarkable, howerer, that some reins, 
yritbont any apparent ohemioal difference, produce finer iron 
than others. The produce of the mines of Dannemora in 
• Sweden is of the finest description, and is empl<^ed in the pro- 
idnotion of the highest olaes of stool. Magnetic iron ore occurs 
chiefly in yeins and fissuros in dioritea or dolerites, or in inter- 
stratified masses in metamorphio rocks. 

Titaniferous iron ore, oontains proto- and per-ozido of iron, 
titanic acid (on oxygen compound of the metal titanium), and 
. magnesia in yariablo proportions. The bar iron or steel mode 
from titaniferous iron ore posaesses nnuaual strength and a 
peculiar mottled appearaaoo. This ore is chiefly employed 
with others to impart a high degree of toughness to the metal 
produced. 

Ued hematite is a sesquioxide of iron (Fe^O,), with 70 
per cent, of iron. It is distinguished from the loss rich brown 
hsjmatito by its rod streak, ^at of the latter mineral being 
brown in colour. Bod htomatite is known by special names, 
aocerding to its different yarietios ;— 

Specular iron ore, oligiste, or iron glance, is brilliant, hard, 
and distinctly crystallised. It is found in Elba, Brazil, etc. 

Micaceous iron ore is scaly, crystaBino, loosely coherent, and 
similar to graphite in stmoturo. ^t is mot with in South 
Devon. 

Kidney ore is a hard botryoidal variety, devoid of lustre, such 
as that of Cumberland, 

Eed ochre is a compact, earthy, and more or leas dayoy variety, 
and is usually employed in the preparation of red and yellow 
ochres and umbers. 

Bed hmmatitc occurs abundantly in England and ’Wales, and, 
being rich, is much used for mixing with the poorer ores of tho 
cool formations in the process of smelting. Tho red ore is 
worked in Cumberland, at Ulvorstone, in tho Forest of Doan, 
Cornwall, North 'Wales, Ireland, Belgium, Nova Scotia, Elba, 
Sweden, Missouri, and the neighbourhood of Lake Superior. 

Brown iron ore or hwmatite consists essentially of throe equi¬ 
valents of jrater united to two of x>eroxido of iron, or fiFcjOj -f 
3H,0, and is compact and earthy. 

Qothite is another hydrated oxide (I’OjO, -|- H,0), but it is 
orystallised. Both minerals are usually indudod in the smelter’s 
term “brown hmmatite,’’ and, though resembling tho rod in 
outward appearance, arc distinguished their brown streak. 
Bog-iron ores, and those deposited in the bods of lakes by the 
action of infusorial life, belong to this group of iron ores. 

Brown hmmatites ore largely worked in the Carboiuforoua 
rocks of England and South Wdes; in tho Idas of Oxfordshire, 
Northamptonshire, and Yorkshire; in tho Lower Greensand 
near Devizes, and in Buckingbamshire; in Oolitic strata in 
France, Bavaria. ’Wurtembnrg, Luxemburg, etc.; and in tho 
Woaldon rocks of tho Bonlonnais. Bog-iron ore is abundantly 
^lovolopoJ in North Germany, Sweden, Norway, Finland, and 
Canada. 

Sideriie, apathote iron, or brown spar, is a carbonate of the 
protoxide of iron (FeO,CO,), or, commonly speaking, carbonate 
■of iron. Tho spatluo ores are sparry or crystalline, and are 
associated with varying quantities of carbonate of lime and of 
magnesia. Spathic ore, when pure, is wluto; bnt it becomes 
reddish on exposure to the air. It is particularly abundant in 
Styria, where tho mountain Erzborg, near Eisenerz, is capped 
' by tho mineral to a thioknoss varying from 200 to 600 feet; in 
Carinthia and other porta of Austria; at Siegen, in tho Siahl- 
beig, or “ steel mountain ” (Bbenish PmsBia); and in tho 
DmW States (New York and Ohio). The principal English 
depotita axe those of ’Woardale, in Durham; Exmwr, Devon- 
ahire; and Brendon Hill, in Somersetshire. 

^ • Cloy ironstone is an amo^hous argillooeona carbonate of 
iron, mixed with small quangos of lime and magnesia, and 
sometimes, as in the blook bond,” with bitumuous matters. 
The poorest of the serviceable ores, they ore, nevertheless, in 
Britsin, the most important, famishing poorly two-thirds of 
the toW'yield of iron. Bring mostly connect^ with the Coal 
tesasitions, they ore ohewly worked, hawing in immediate 
proximity a plentiful sttp^y of fuel end limestone for their 


reduction. IHiAe ase many varieties—that colled &e " Uaeik 
bond” bring among the moat valuable, from the eoati and 
obeapnesB with'whi^ the ore may be etdoiaed, by bnntbig it 
in heaps without any additional fnri. 

Tho ores ore mctmuively worked in South ’Wales, Monmouth¬ 
shire, Shropshire, Staflbrdshire, Yorkshire, Derbyshke, Lanark¬ 
shire, Stirlingshire, Oonniy Antrim'; in Belgium, Sileaia, XTnited 
States, North CUno, Japan, India, Bnzil, and Toamnnio. 
Iielaad has large deporita, whioh ace not much worked, day 
ironstones ore not confined to the Caiboniferons rocks, but ore 
extensively met with in the Lias, Oolite, and ’Waalden, and 
oven among Tertiary rooka. Of„thia character are thejtioh 
iron district of develud, in Yorkahiro, and rimiW deposits in 
France. ^fc=z:===: 

TECHNIOV drawing.-!. 

INTEObtJCTION. 

Tex practice of Drawing is of such poromonnt importance in 
the mechanical arts, that in addition to tho aoientifio piinciplea 
given under tho titles of Practical Geometry, Abjection, Per- 
speotive. Building' Construction, etc., a chapter devoted specially 
to Drawing applied to various trades will now be given in each 
weekly nnmbor of the TxchwicaIi Educatos. la titese lessons 
tho various methods of delineation of brickwork, timber con¬ 
structions, masonry, mechanism, sotews, teeth of wheals, etc. 
etc., will be given; the principles of constraction and their 
application bring in every cose fuUy described. 

The course of lessons will be so arranged as to oombine 
linear and Freehand Drawing, whilst Object and Model Draw¬ 
ing will be combined with Perspective and Projootion in another 
set of lessons, the first of which appears simnltaneoualj^with 
this. 

Each of those branches will be again divided and sub-divided, 
and thus, in Linear Drawing, foundations, piles, ooflor-dams, 
wooden bridges, roofs, staircases, doors, gates, machines of 
various kinds, and steam-engines, with all their details enlarged, 
will form tho subjects of lessons. Alternately with these will 
bo given drawings of masons’ and bricklayers’ work, etc. etc. 
Mouldings, borders, scrolls, etc., tho forms of tools, etc., form 
portions of the Freehand section; whilst practical instruction 
in tho uses of mathematical instmments, and in tho method 
of colonring drawings, will complete tho course, whioh it is 
hoped will bo found practically useful to the artisan, whatever 
may be his porticnlor branch of industry. 

Some description of mathematical instruments has already 
appeared in on early volume of the Popular Educator. It 
is tlicrefore intended hero to give instmotion in tho practical 
use of thorn. It must be understood, however, that it is only 
by consta/nt practice that the power over tho instmmonts is 
acquired; and the student is tWofore urged to rtde lines of 
various thioknomes, to describe articles of different sizes, and 
to repeat the most olomentary figures, first in pencil and then in 
Indicm ink, so os to achieve that manual dexterity and refine¬ 
ment which arc so necessary for tho mechanical draughtsman. 

Lei your paper be rather smaller than your drawing-board, 
so that tho edges may not project. • 

To fasten the paper down, wet the back, and then paste the 
edges to tho board; let it lie flat whUst drying. This is only 
necessary when tho drawing is likely to be some time in hand. 
for exoroisea such as arc con¬ 
tained in this volume, it will 
be Bufiloiont to fasten tiio paper 
down by moans of drawing-pins, 
whioh may bo bonght at one 
halfpenny each. r 

The best T-squares ore those I ° 
where the blade is screwed over 
the butt-end, as in tho illustra¬ 
tion (Fig. 1), as this allows of 
the “ set-square ” (or triangle) 
passing freely along; whilri, when tho blade ia mortised into 
tho butt-end, the set-squoro ia stopped whan it comes against 
the projecting edge. 

The T-square ia to be worked against the left-hand edge of 
the drawing-board, and should be used fox horisontal.linos only 
—^perpendiculars are best drawn by working tho set-square, as 
ab^e, against the T-sqnore; for if the T-sqnaro be used for 
perpendicular as well as horizontal lineo, the sbghtest ioacoUf 


Fig.1. 
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zaoy in iAo trafh of tba odgea of tho boud would piorant ibo 
lines beiny at right aoglM to each other. 

There is in some oaees of mathematioal inatminenta an 
implement oalled a “parallel role,’’ made of two flat pieces of 
ebony or iyoty, oonneoted by two bare of braes. The student 
is not adrieed to rue this in obtaining parallel lines, as, nnless 
the instrument be in very good order, and very oar^olly used, 

the lines drawn will not be 
paiallol. The best way to 
draw lines parallel to each 
other is by means of two set- 
squares.* Thus, let it bo 
required to draw several lines 
I^rallel to A b (Fig. 2). Place 
the edge of one of your set- 
squares, c, against the line, 
and placeidie^orsot-squaro, 
s, against the first; hold D 
^ firmly down, and move c 
along the edge of o, and 
thru any numher of parallel lines may be drawn; and if lines 
at right angles to tho parallels are required, it is only necessary 
to hold 0, and place d on it, os shown in the dotted portion of 
the figure. 

In inking tibe drawings, rue Indian ink, not writing ink, 
which nuts the steel of instruments, and so destroys their 
refinement. Indian ink may be obtained from twopence the 
stiok. If you intend inking the drawings, you must work the 
original pencilling vcny ligh^. 

Prom tho very onset aim at refinement, neatness, and ahso- 
lute aoewraoy. Do not be satisfied if your work is nearly 
rightf Try again, and, if nooessary, again; and, with in- 
oreosed oare uid perseverance, suecess will be the oertsin result. 



HOW TO OSX HATHBHATICAL INSTBTTUXNTB. 

The most important mstrument is the compass. A complete 
pair of oompassea oonsists of the body of the instrument and 
three movable parts—^viz., the steel, tho peucH, and the inking- 
legs, which are fixed in ^eir places ei&er by a screw, or by 
the end of the leg fitting accurately into a socket in the end of 
the diorter leg of the compass, and kept in its place by a pro¬ 
jecting ledge, which rone in a slit in the upper side of the 
aooket. This is by far the better method, and is used in nearly 
aU modem instruments; its advantages over the screw form 
are, first, that the movable leg only remains firm in its place 
as long as the thread of the screw is in good order, but the very 
force used to tighten tho pressure wears tho thrmd away, and 
then the leg sluAes. The oonsoquonoe of this oan be very well 
imagined, whan we remember that one of the leading purposes 
of compasses is to draw oiroles, for tmless tho leg bo absolutely 
firm the oirole will not be true, and the point of the penoil or 
inking-leg will not meet the starting-point, and so an ugly 
break will be caused; and, secondly, ^t the sesrew, being but 
small, is Vbiy liable to be lost. 

Be careful that in drawing the movable legs out you do not 
wrench or^bend them from side to side, with the view of getting 
them out more easily, for by that means yon wffl widen the 
aochet, and cause the instrument to work inaeoniately: the 
proper way is to draw the leg itraight out. 

The steel point is used when distances arc to be accurately 
measnredxw divided, and therefore oampasses which have bo^ 
points of steel mre oslled “ dividers.” A pair of those is found 
in most cases of instruments. 

Tho penoil-leg is used for drawing arcs, oiroles, etc. Be 
careful that yon keep it ezaotly the same length as the steel 
one; this is aooomplished by drawing the penoil out a little 
after eadi sharpening. In very old-fashioned instruments the 
pencil is held in a q»Ut tube, which is tightened around it by 
mesaiB of a sliding xi^; but in those of modem make a short 
ndit tube is plaoed at the end of a solid leg, and the cheeks of 
this oanaon-l^ ” are tightened by a sorew. This is by far 
ttia better Constraotion, as ty its means the penoil is not only 
more firmly held, but the pdnts of the oompass msy he brought 
mate chiaely tegether than in. the oUsr form. 

Tha me of the inUng-leg (aa its name implies) is to npeat 
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the penoil'work in ink; the ink mnst be Indian ink, as alxaady 
mentioned, and it is advisable to mix a small quantity of indigo 
with it, aa otherwise it has a tendency to turn brown. When 
you mis the Indian ink, do not mb it very bard, as by that 
meanayou roughen the edges, and break off small pisoeB—they 
may be small indeed (and do we not frequently find faQurea 
eaused by very trifling obstaoleeP), but th^ work between the 
nibs of the pen, and cause ronghnesses irreg^ularities of 
tbiokness which materially damage a drawing. 

On examining the inkr^-leg, yon will find a joint in it. The 
purpose of this is to enable you to bend the leg at that point, 
so tiiat the port which oonteine the ink may be kept perpen- 
dioular to the surface of the paper whilst desoribing a oirde, 
for if tho inldng-leg were kept straight as the steel one, when 
the oompass is opened to any extent, only one of the nilM (the 
inner one) will touch the paper, and thus the outer edge of the 
oirole drawn will be togged and rough. In drawing ohdles, be 
careful to lean as lightly as i)oaaible on the steel point, so that 
your oontre may. .not be pricked through the paper, for tiien, aa 
each concentric circle is drawn, the hole will become lar^, 
until all chance of following the exact curve will be lost, and 
when you come to ink the drawing you will find the difficulty 
still farther increased. “ Bom eentros ” are sometimes used. 
These are small circular pieces of horn with three needle-points 
fixed in them; one of these may be plaoed over the centre 
on the paper, and pressed down;.the horn being transparent, 
the centr^point will be visible tluongh tho small plate, and the 
steel point of the compa88''may be plaoed exactly over it. This 
is all very well in large drawings, and where the oiroles to 
he drawn are at some distance from tho centre; but where 
numerous small circles, immediately surrounding the oentre, 
are required, as in the nrojoetionB of the sections of oones, the 
horn plate is uselosa,' aa it will cover some of the spaoe on 
which circles are to bo drawn; and further, tho point resting 
on it is raised above tho surface on whiob the other is working, 
rad in small circles this will be a disadvantage. The student 
is therefore reminded of the old adage, “ Prevention is better 
than cure,” rad ho is assured that if from the outset he en¬ 
deavours to lean lights on tho instrument, practioe will soon 
plooe him beyond the ueoessity for the aid of the horn oentre. 
The following hints will be found useful 

t. See that the steel point of your compass is round, rad not 
triangular, which latter form opens the little hold far more 
than the point would if it were round. 

2. See that this point is not too thin; it should bo rather a 
blunt point than otherwise, only just sharp enough to prevent 
it slipping away from the oentro. 

Should either of these two faults exist, they may be easily 
remedied by drawing the point a few times over an oil-stone, 
remembering to keep taming it round whilst moving it along. 

3. Hold the oompass loosely between the thumb rad forefinger 
only, allowing tho instrument to rest with equal weight on both 
points, rad merely using the finger rad thumb to support rad 
guide it. 

When a circle is required of a larger radius than ora be 
reaohed with the compass in its usual form, a “ lengthening- 
bar ” is used. This is ra extra brass rod, which fits into the 
socket in the leg of the compass, rad has at its other end a 
socket into whi<ffi tho en^^ the penoil or inking-leg fits. This 
forma a pair of compasses with one leg very much longer than 
the other, and whioh is, ther^ore, rather awkward to manage. 
Here again the student is Nminded that the pencil-leg rad 
inking-pen must be bent at the joint, so that they may be per- 
pendionlar to the surface of the paper. 

The fttU-sized oompass is, however, not well adapted for 
drawing small circles, rad therefore a complete case cf instru¬ 
ments contains the bow-pencil rad the Imw-p^ These am 
simply smidl pairs of compasses, the first of whioh has a pencil 
and the other ra inldng-leg. Ttese will be found very iisrfSl, 
and may be purohased eeparatafy if not in the case. 

For still smaller purposes, “spring-bows “ im ussd. 
constitute in ^emsalvaa a ■»w»ll set oonsisting of dividers, 
pemffi, rad inldng-bowB. The legs, xnstead of b^ng united by 
a hinge-joint, axe made in one piece, so as to form a spring, 
which hr its action tends to foroe the points apsrt; sie 
then aoted upon by a nut, which, sorewing npon a bar find in. 
one leg and passing throngh the other, dom the in tha 
most minute degm posAila. These will bs fonod ol ' 
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service in the high« bianohes of meohasiaal and architeotnial 
drawing, where vezy awaU area and oixetea are required, as in 
the delineation of the teeth of wheels, mouldings, and other 
arohitectural details. 

Another important instrument is the drawing-pen, which is 
something like the inking-leg of the compasses already described j 
it is, however, generally smaller in its nibs, and is fitted on to 
an ivory or ebony handle. Ihe ink should bo plaoed between 
the nibs by means of a camel’s-hair brush. The pen should be 
hdd newly upright, with its fiatter side next to the rule, the 
end of the mid^ finger resting on the head of the screw. 
BaEore you ink any lihe of your drawing, be careful to try 
your pen on another piece c£ paper, in order that yon may 
ascertain whether the l^e drawn by the pen would be of the 
proper thickness, and if not the pen may be adjusted by means 
of the screw, which acts in a way similar to the screw on the 
spring-bows already described. Before putting your inking-leg 
or drawing-pen away, be sure to wipe it well, and finally to 
pass a piece of paper between the nibs, so as to remove any 
ink that may have dried, or any grit which may have been 
deposited. 

The rule, or straight-edge, which yon use when inking your 
lines, must have a bevelled ^ge; and farther, the bevel must 
be turned dovmwarde towards the paper. This will avoid any 
smearing which might occur if the edge of the rule were to 
touch the paper whilst the line is wet. 

Scales of different sorts ore used in mechani(»l and archi¬ 
tectural drawing; but as the snbjsfit of the present lesson 
does not necessarily involve working “ to scale,” the uses and 
construction of these will be found appended to the lessons on 
the above-named seotionB of scientific drawing. ^ 

The protractor, used in measuring and constructing angles, is 
described, and its uses explained, in the lessons in Practical Gloo- 
metry (Foruiuiii Educator, Vol. 1., page 113); repetition here is 

therefore unneces¬ 
sary,and weproceed 
to mention what aro 
called “French 
curves ” (Pig. 3). 
Those ore rules out 
into an almost end¬ 
less variety of 
shapes, one of which 
is here shown: they are used in inking curves. To do this, 
yon must turn your French curve about, until some port of 
it oorresponda with the form already drawn in pencil, which 
may then bo repeated in ink, tho pen being guided by tho 
French curve. If yon cannot find any portion of your rule 
which will correspond with the whole of yaur pencilled curve, 
draw as much of it os you can, and then find the remainder at 
some other part of your French curve, or on another one. As 
these useful implements may be hod in innumerable patterns, 
at a very moderate pr>oe, the student is advised to provide 
himself with two or throe of them; but the writer wishes 
it to be plainly andorstood that he does not imply that by 
means of French curves freehand drawing may be dispensed 
with. On the contrary, he urges this praotioo on all students; 
for there is such variety of form in drawing, that no meohanioal 
moans can possibly supersede the necessity for the accurate and 
refined education of tho eye which is obtained by that study ; 
and further, a little practiee will enable students to draw many 
curves by hand in less time than it would take them to find 
their places on the French curve. 


AGRICULTURAL CHEMISTRY.—I. 

BV ORABDRS A. CARRRON, M.D., PU.D., 

Professor of Hygiene in the Boyd Onllege of Snrgeous, Ireland; 
Analyst to the City of Dnhlin; Honorary Hamber ^ the Hew 
York State Agricultural Society, etc. etc. 

&HAPTBB I.—OH THE EIiEMENTAET COHSTITUENTS 
OP PLANTS. 

Dubinq recent years Agricultural Chemistry, like most of the 
other branches of exporimontal science, has made great and 
permanent progress. Not many years since It was regarded as 
a mere philosophical pursuit, which, however interesting the 
abstraot truths revealed by it might be, afford no useful 


information for the benefit of the praotiaal farmer. Less thgw 
a quarter of a century ago, that distinguished agrionlturkt, Sb. 
Pnsey, stated that hnsfatmdry was only indebted to Chemistry 
for a receipt tor making bone manure and a snggearion to utiliae 
flax-steepings as a fertilising agent. However nnfonnded such 
assertions may have bean tweni^-five years ago, it is now gene¬ 
rally conceded that Chemistry has conferred the most important 
and lasting benefits upon agrionltnro. It has thoroughly inves¬ 
tigated the composition of plants; it has shed a fiood of light 
upon those wonderful processes by which the vegetable mechanism 
organises into the most complex substanoos lifeloBa mineral 
matters furnished by air, soil, and water; and it has disoovered 
inexhaustible sonroes of fertUising materials, with which the 
exhaustion of our heavily-taxed fields may be indefinitely post¬ 
poned. By its aid farmers ore proteob^ from fraud in the 
purchase of artificial manures and “ 8rti&^ foods" for oat^. 
These are but examples of the benefits which Agrionltnral 
Chemistry has conferred upon the cultivator of the ami; and 
those who would aspire to be really enlightened agrionlturists 
should not remain ignonmt of a soienoe so intimately affecting 
their pursuit. 

In the following ohapters we purpose desotibing the bhemioal 
history of tho vegetable creation, in so far as it is of interest 
to agrioultnre. We sball endeavour to show how the plant 
grows, of whaf materials it is composed, and by what means its 
food is absorbed; and we shall point out tho conditions which, 
according to botii theory and pwtioe, ore found to be most 
favourable for the fnll development of the cultivatod plants. 
FumUy, we shall consider tho means by wbioh veg;etable sub- 
stanooB oro re.organised into still higher combinations of matter 
—into tho meat, miUc, and butter which oonstitute so lavge a 
portion of tho food of man. At present the Chemistry of,tho 
feeding-house is of equal importance with the Chemistry of the 
field. 

Tho solid crust of the earth, so far as it is accessible to oar 
research, tho atmosphere whidh surrounds onr globe, the waters 
which cover so large a portion of its surf ace, the innnmorable 
vegetable forms which clothe and adorn the world, and the 
onimale which find subsietence on its broad boeom, all have 
formed the subjeot of chemical investigation. Minerals, vege¬ 
tables, animals, all are found to be composed of a oomparativ^y 
small number of substonaes, termed simple bodies, or elements. 
Chalk is a oominmnd mineral snbstanoo. By analysing—that 
is, by decomposing—^it, two other substances, termed lime and 
curbonio acid gas, can be extracted from it. By a further 
analysis, lime is resolvable into a white metal, called calcium, 
and a gas termed oxygen ; whilst from catbonio acid gas a solid 
substanoe—carbon or charcoal—^and oxygen gas are obtainable. 
Chemioal analysis shows us, therefore, that the compound 
mineral snbstanoo chalk is proximately a oomponnd of lime 
and carbonio acid, and ultimately constituted of carbon, 
oaloinm, and oxygon. 

Carbon, calcium, and oxygen are regarded as simple, or 
elementary Bubstanoos, because up to the present no chemist 
has snooeeded in decomposing them. Whilst we con extract 
from chalk, oil of vitriol, nitre, bones, starch, fiesh, and thousands 
of other oriiolcs, from two to nearly a score of different kinds 
of matter, we fail in procuring from oxygen anything save 
oxygen, from oaloinm anything save oaloiom, or from carbon 
any snbatanoe except carbon. ' ' 

There aro known to exist six^-three kinds of matter which 
resemble oarbon and oxygon in being lindocomposable. These 
are the raw materials with which Nature builds up her multitu¬ 
dinous struotures. Some of them are found in a free or unoom- 
bined state—gold, oxygen, and nitrogen, for example--bni the 
great majority always exist in combinations. Water is a eom- 
ponnd of two elements—oxygen and hydrogen; oil of vitriol 
contains three—^namely, oxygen, hydrin, and sulphur; alum 
is eomposed of four—aluminum, potassium, sulphur, and oxygen. 
A large proportion of th' elements oconr in very minute quan¬ 
tities, and at present we know not tiie funotiona which they 
perform in the economy of Nature. Four simple subatanoes— 
oxygen, hydrogen, oarbon, and nitrogen—-constitute the atmo¬ 
sphere, water, nearly half of the weight of the omst of the 
globe, and by far tiie greater part of oB animal and vegetable 
substimooB. Abont twenty-four of the dements form the 
familiar objects of evory-day life, and of these the greater 
number ore found in the organic Ungdoma of Nature. The 
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following elementuy b^es liaTO been found in Tegeteble mb* 
■tanoee, bnt some ii them ore only oocaaonolly and merely 
wseidentaUy preeent:— 

xnamns vouin) ik nuum. . 


Non-IMaltto ZltmeOti. i 

[ 

Oxygen I 


Potsssinm 

Hydrogen 


Calolom 

XHtrogm j 
Carbon j 

■EasentuA. 

' Msgnwrinm 

1 Iren 

Sulphur 

P 

Sodium 

Phsspheros J 


Uthlam 

BUloon ' 

\ 

Manganese 

Chlozine < 

1 Buentialnen 

Cmelum 

lodtna , 

f AovbtfiA. 

Bubidium 

Pluorins J 

1 

Copper 

Bromine, 

Nen-Sn«nt{al. 

Lead 

Araenio 

Ztno 

Titanium 

Barium 


Httob. 

^JSaxntiol. 

i ZaiontwilneM 
( cbuM/ttl. 
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Oxygon is a oolonrleea, odonrlosa, flaTonrleae gas, about eight 
bnbdr^ "timoa lighter than water. It exists freo in, and cou- 
etitutes about ono-fifth of, the atmosphere. Eight-uintha of 
the weight of water and more than one-third of the crust of 
the eortli are made up of this element; and it enters largely 
into the oompoaition of animals and plants. This gas plays a 
prime part in the proeesaes of combustion and respiration, the 
decay and disaolutian «f organio matter, and the decomposition 
of zookB. 

Nitrogm in a free state oonstitates four-fifths of the atmo- 
epfilm. "tu oombination with other elements it forms the 
impertant mannriol agents, ammonia and nitro. It is a oon- 
etituent of a nnmorons class of organio bodies, termed nifro- 
geruu$ or alhvmimous. In a free state, nitrogen cannot bo 
burned, neither does it supxmrt eombnation or respiration. Its 
chief funotion is to moderate the action of the atmospheric 
oxygen, which, in a pure or undiluted condition, would aot 
too energolioaliy in the prooossos of respiration and combustion. 
Nitrogen la without oolonr, flavonr, or odour, and is a little 
lighter than oxygen. 

Hydrogen is a ocdourless, odoarloss, and flaTodrloss gas, 
fourteen and a half timos lighter than atmospherio air, and by 
far the least ponderable form of matter in Nature. It is very 
rarely found free. Hydrogen is inflammable, producing water 
. by oombnstion in air or oxygen. This element is an impor¬ 
tant oonstituont of plants, and is abundantly present in fats, 
oils, petroleum, and rosins. 

(When is a solid body, which, in a oiystaJline state, constitutes 
the'most costly sabstanoo in oommsroe—the diamond. Lamp- 
blaok, oharoool, coke, onthTaoito, and blacklead are essontiiUly 
carbon. At the highest attainable temperature, this element 
remains infusible so long as it does not oombino with other 
elements. Heated to redness in presence of oxygon, it unites 
wiib that element, and produoos oarbonio acid gas. Carbon is 
the oharaotoristio element of orgranio bodies, as it is inyariably 
found in eroiy snbstanoo elaborated under the infiuenoo of the 
vital powers. 

Sulphur is a yellow, inflammable solid, twice the weight of 
witBfr-'Tt ooours both free and oombined, but much more 
abundantly in the latter state. Iron pyrites, gypsum (plaster 
of Baru), and sulphate of barium contain sulphur. Certain 
oomponnds of anlphur with oxygen and motais are termed 
sulphates t and some of those substances occur in soils, and 
furnish plimts with the small proportion of sulphur which they 
require. 

Bhosphora is on extremely inflammable substance. In 
oolonr anf'oonsistenoy it resembles white wax. It is seren- 
tenths heavier tluui water. Exposed to the air, it unites slowly 
with oxygen, forming a oohnponnd termed pbosphorons acid ; 
rapidly bnmed, it prodnoes another compound with oxygon, 
whloh, nnder the name of phosphorio acid, is familiarly known 
to 'scientifla agrienltnrists. Ihis element is so inflammable 
that it oannot be bandied withont danger, and most bo pre< 
^sogved under water. Pbosphorns is never found free. In soils 
ft ooenrs chiefly in the fdrm of phosphate of oaloium (a oom* 
pound of phosphorus, oxygen, and oaleinro), bnt even the 
most fertile land eddom contains more than a half per cent, 
sf fUs aoDpound. 'Hie amount of phosphonu in wliole 


plants probably varies from about a fourth to less than a tenth 
per cent.; and the proportloii sf phosphoric acid oomponnds 
in vegetable sshes to ftm 20 to 40 per oent. Sulphur oom- 
pounds ore less abundantly prwent. 

The aix non-metaUio bo^as iriiioh we have desoribed are 
invariably present in plants, and they ace indiapenaable to . 
vegetable existenoe. When a gdont ia burned, its oaxbon, ’ 
uniting with oxygen, passes off nnder the form of carhonio 
acid; and its hydrogen, combining with oxygen, ia dissipated in . 
the condition of water. The nitrogen in gener^ combines wMh 
hydrogen, and produces ammonia, the “ volatile ».llf»».li ; ’* but. 
occasionally a|portian, or perhaps the whole, of the nitrogen, 
uniting with carbon, forma qyanogen, which generally remains. 
as a solid ingredient of the inoombustible pact of the plant. 
The phosphorus and sulphur are, by oombustion, greneially cen-; 
verted into solid Bubstanoes fixed in the fire; but oooasioi^y a' 
Uttlo of the sulphur may bo dissipated in the form of sul-’ 
phurous acid. 

The substances which reuudn after the oombustion of the 
plant arc termed its mineral or inorganic oonstitnents, or its 
ashes. They contain phosphorus, sulphur, carbon, and oxygen 
(in an incombustible form, oombined with metals), and tbo 
metals potassium, calcium, magnesium, and iron, beside other 
elomonts, the essentialnoss of which ia open to doubt. There 
are also oooosionally present elomonts wbioh eon hardly be 
regarded as other than accidental impurities. 

Putaf^ium is a silvery-white metal, lighter than water. It 
rusts "or oxidises the in^Jont it is exposed to the air. In con¬ 
tact with any fluid containing oxygen, it bums with great 
brilliancy, evolving a rich violet light. In order, therefore, to, 
preserve this metal, it most be covered with a layer of naplitba, 
•a liquid which contains no oxygen. A oompound of potassium 
with oxygen is well known under the term imtush, or potassa. 
Potassium salts are very abundant in plants, oonstitutiug often 
more than half the weight 'of their adios. We have mode 
numerous attempts to grow plants in artificial soils destitnto of 
potash, but they invariably failed, except in one instance, where 
rubidinm, n metal which very closely resembles potassium, 
appeared to bavo been substituted for potassium. Under' 
ordinary cironmstanoos, however, potassium suits must be 
abundantly supplied to plants. 

jj^dcium is a white metal, the oxide (oxygen cranpound) of 
which is 'common lime. Chalk, marble, limestone (three forms 
of carbonate of calcium), and gypsum (sulphate ef calcium) 
are oaloium oomimunds. Lime oonstitates from 10 to 20 per 
oent. of the mineral port of plants. 

Magnesium ia a light white metal. It bums at a high tem¬ 
perature, evolving an extremely brilliant white light. Its oxide 
is the well-known earth magnesia. In the ashes of the seeds of 
plants, especially of the ooroals, magnesia is abundantly pre¬ 
sent, sometimes amounting to 12 per cent. In the ashes of 
tbo whole plant, however, it seldom exceeds 4 or 5 per cent. 

whm pure, ia a whitish metal, about seven times heavier 
than an equal volume of water. It unites with oxygen in four 
proportiouB, producing ferrous oxide (protoxide of iron), ferrio 
oxide (per or red oxide), ferroso-ferrio oxide (blank or magnetio 
oxide), and ferrio acid. Iron, we have no doubt, is an indis- 
penaable ingredient of plants. Eeknlo detected 3 per oent. of 
ferrio oxide in the ash of gluten from wheat, and Uorup-Besanez 
fonnd 68 per oent. in the ash of the fruit envelope of the Trapa, 
natans. Knop could not got maixe to grow when utterly 
deprived of iron. In general, the amount cf ferric oxide fonnd 
in the ash of plants is under 1 per cent., and proportions ex¬ 
ceeding that amount are probably useless. 

So<Uam is a whitish metal, very little lighter than water. It 
resomblos potassium in many respeots, but it does not quite so 
rapidly tamish as that metal. Its oxide is termed soda (soflie 
oxide), and its compound with oxygen and oarbon is the well- 
known oarbonate of soda—^in modem ohemioal language, sodio 
carbonate. Common culinary salt ia a oompound of sodium 
with chlorine. Here we should explain that none of the metals,; 
except small quantities of iron, fonnd in plants ooonr ia''aa { 
uuoombined state in Nature. 

Although sodium oomponnds are generally, and often very 
largely, present in plants, jet we we quite satisfied that this 
metal is nMther iadispra^le nor useful to v^tables. The 
results of the experiments of Hnop, Nobbo, Feligo, Siegert, and 
other chemists austsln this view. Our own exqimiaaenta> «»• 
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Awted dniiiw wnttnl years, abd {ierfemed varioTU epeoiaa 
d lead to the oondnsien that atm^VSO^ bm 

aot req^^. tor the,JEBlL4BT<tl^»imt of planta (aee Ohtmeall 
Kiiili't'Tluis' find' dime, 1862).' Cm &e 'citKear 'hand, Stobmann, 
the Ftinoe of Salm-Horstmar, and other inrestigatoTB, aBsert 
that Bodinm oompoiindB are indispensahle to plant life; though 
they have to admit that only the mereat ttacea are often present 
tu healthy and fuUy-matored plants. It may be said that as 
aodinm oompounda (common salt, for example) are indigpenaablo 
to animal life, Katme vonld have famish^ a enfficient supply 
(d it^ as well as of the other prmoipleB of food, through the 
agency of the vegetable kingdom. It must, bowever, be bomo 
in mind that, with the oxoeptiou of water, oommon salt is the 
only mineral food whioh ammals use; for every other food sub- 
Btonce is, diieotly or indirectly, derived from plants. If Katuro 
intended that shit should be on indisponsablo ooustltuout of 
vegetables, aniTnii.lB would not have been endowed with an in- 
' stiuctive longing for the mineral form of that substance. 

Lit hium, U8»ium, and rjitbidiiua.. ore three metals allied 
(es^ecwHylho laitm two) to potassium. They sre widely dif¬ 
fused throughout Nature, but they ooour in excessively minute 
quautitios. Wo have found them in several vegetable substaneos, 
but they are not invariably present, and in all probability they 
are not essential ingredients of plants, Salm-Horstmur, how¬ 
ever, believes lithium to be useful in the dowering of certum 
plants.' The fomnrkablo rosomblanco between potassium and 
niibidium and their oompouncls renders it probable that the 
latter might bo capable of rcplacii^ wholly or partially the 
former as on ingredient of plants. 

Ilangauoso is a motal somewhat allied to iron, and often 
found associated v.ith the latter. Sahn-llorstmar believes inn 
oxide of manganese to be an indispensable ingredient of plants. 
Snoh, however, is not our opinion, for wo have often found 
whole plants completely free from oven truces of this sivbstanee. 

The metals aluminum, barium, copper, lead, a;.senio, zinc, 
and titanium have been dotooted in plants, but tbeir presence 
therein must have boon purely nccideutal. 

The uen-metal, silicop,—or rather its compound with oxygen, 
silica—is invariably found in all plants grown under natural 
conditiouB. Sachs, Kobbe, Knop, Siegort, Ituntuuberg, Stoh- 
mann, Kuhn, Bimor, Luoiums, and others, have notwithstand¬ 
ing, grown plants of various kinds with perfect exclusion of 
silica, and apparently without iignry to the plants. Horre bos 
proved that the oommon opinion, attriVmting the “ laying” or 
“lodging” of corn to a defloiency of silioa in tho straw, is not 
founded on facts. It appears probable that, if silica be really 
requisite for plants, a voiy small proportion of it only i« iicoos- 
sory. Silicon is a chemical curiosity, never being found in e 
free state. It occurs cither as an olive-brown powder, or in the 
form of very hard brownish (aystals. Its compound with 
oxygon is termed silioa, silex, or siUo acid. Bock-orystal is vory 
pure silica; in a less imro state silioa exists as quartz, jasper, 
agate, and flint. Most rocks and soils are largely uomposed of 
silioa. 

Chlorine gas is a yollowish-greon, non-metallic body, possessed 
of S^pOVrerfol and disagreeable odour. It is twice and a half 
the weight of atmospheric air. The bleaching and disinfecting 
properties of this gas—and of its compound, chloride of lime, or 
bleaching ivowder—are well known. Chlorine, united with potae- 
mum or sodium, is rarely, perhaps never, altogether absent from 
plants. Exoopt in tho case of marine and soa-sido vegetables, 
it seldom constitutes more than 1 per cent, of tho ashes of 
plants. Many of the most distingnished agricultnral chemists 
assert that oUorino is not 006 oC the necessary ingtedientH of 
ooltivated plants. 

lodipe is a blaok, solid non-metal, about five times as heavy 
as water; its odour somewhat rosomblee that of chlorine largely 
dilnted. Its vapour possesses a splendid violet colour. In sea¬ 
side p^ts it is found in somewhat large proportions, and it 
is prepared from the ashes of sea-weeds. It rarely ooours in 
ooltivated plants, and even in the case of marine vegetables we 
believe that it is not indispensable. 

(a non-metal, as yet not satUtoctorily isolated) is 
briievod By Sahn-Horstinar to be indispenssble to vegetable 
Hfe. It is, however, oertaiB that the quantity of this element 
MIherto found in plants baa been quite insignifioant. 

Hrraufae (a liquid resembling in its cbemi^ relattons chlorine 
anoiodis^ has been detected in plants; but there eon be little 


doubt as to the acci d en t al nature of its ocouiMnoe in Ihe vega* 
tidde kingdom. 

With the seioeprion of sulphur, all the ngn-metals found in 
plants exist natui^y in oombination wiUi other elemants, and 
it is only by means of tihe ohemist’s art that these elements 
have been exhibited to us in their free or unooml^ed state. 

The average amount of carbon in dried plants is about 47 per 
cent.; of oxygen, 42 per cent.; of hydrogen, 6 per cent,; ef 
nitrogen, 2^ per cent.; and of ashes, 24 per cent. 


TECHNICAL EDUCATION- ON THE 
CONTINENT, —I. 

BT BLUB A. SAVIOBON. 

TECHNICAL EDUCATION QSNEBALLT. 


The purpose of the present aeries of papers is to give an 
account of the rise and progTosa of Technical Schools on the 
Contineut, their 'systems of management, tbeir eonrses of 
instruction, and such other portio^ars in connectioB with 
them as have been gleaned by personal inspection, eorrespon- 
donce with tho profeasoTs, and from daouments furnished by 
tho local authorities of the various institutiona. 

From a earcful study of the general constitution of these 
important eohuols, from an inveatigatiou of the intellootnal 
ground they cover, and from the facts, details, and resulte 
which will bo boro presented, it is hoped that additional 
impetus may bo derived in tho promotion of techni(»l educa¬ 
tion in this country. 

Before, however, entering upon tho general considoratum ef 
tho subject, it is neoesaary that the real meaning of the words 
“ teohuiuol education ” should bo in some degree made dear. 
Tho term has beeu so bandied about, so misapplied, and so mis¬ 
understood, that many who really stand in need of snoh a 
oom'so of training oro now asking, “ What is teohnical educa¬ 
tion ?" 


Technical instruction, then, may be briefly defined as the 
application of the groat prinoiples of science to the various 
branches of industry; it gives, in tact, a knowledge of practical 
science and art, adapted to the required purposes, and to the 
conditions imposed by tho nature of the matoriolB employed ; 
end it teaches tho principles niion whioh tho proocBsea of 
working are based, of wbat natnro sooror the ooonpation of the 
worker may bo. 

It will bo seen, then, that technical inatrnotion cannot be 
taken as a distinct and separate branch'; it must grow ont of, 
nir^biopend entirely upon, a sound elementary education, azri a . 
j knowledge of tlio fundamental prinoiples of science. To attempt' 
technical instruotion, therefore, without this basis is as absi^ 
IIS to rear and decorate a house without provision having been 
m.ulo for tho security of il>o foundation. 

Taking up the subject, as wo have only recently done in this 
country, after long years of neglect, we must do the best wo 
can with our artisans whose elementary education is defioient, 
and whoso time for study is necessarily very limited. Tho 
work requires, thcrefoire, the eaxneat exer^ns^of authon, in the 
compilation of text-books of snoh a ohaiaotcr as shall teach 
tho rudimentary prinoiples of science and art, and also show 
their i:)rao'tacal application in tho simplest manner; it requires 
tho ontoipriso and energy of publishers, m tiio production of 
snoh works; and it roquirea the greatest toot <m the part of our 
lecturers and toaohers, in popularising and simplifying those 
studies which tbeir adult students have booome acunstomsd to 
regard as abstruse and difScult, and whioh they oonseqnent^ 
approach with fear and dread. Those students require cheering 
and encouraging by the way; they require that the obstacles 
and roughnesses which obstruct their path should be iwoved 
or smoothoned down; they truly want “ words to guide oi^ 
hands to lead;” and it is to assist both teachers and pupils in 
this great work, that tho lessons put forth in the Tbchnioai, 
Kducatob, and in the Teohnical Manuals, have been oompiled. 

As regards our youths, however—admitting the early at 
whioh they axe generally taken from aohool—a sonnd primary 
education is now within the roach of aQ; and this wUl, it is 
hoped, bo soon greatly improved, so as to become tho basis far a 
higher system, to be carried eat eithec in the day-sohools or 
in ^e science cloasea whufli ate hapi^Oy spteading all over tbe 


eonntty. 
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XHE T£0HNIQAL BDUCAIOB. 


With tile Tiew, then, ef enoonzesix^ workiiifr mea end otiien 
to take np the Tarions btanohes of etiid^ promolgated iii these 
pages, and in the hope of isdnoing them to give their ohildzen 
—for it is Bcaroely nosr a question of means—a sound primary 
odnoation, as the best fonndation for a teohnioal oonrse, the 
detailed plans of study on the Continent are given. At this 
stage no comment on these systems will be made, suoh being 
reserved until the programme of the studies of eaoh Continental 
school and institute is before tiie reader. A comparison of 
those with the olassea held in our meohanioB' institutionB, with 
some exceptions, may, perhaps, furnish some food for reflection 
as to the i^arenf so many of these institutions in this country, 
whilst they flourish luxuriantly abroad. 

Before, however, we can fairly appreciate the value of the 
aystesoB pursued on the Continent, and derive practical advan¬ 
tage of the knowledge gained, we must review the former and 
present position of teohnioal instruction in Bngland. 

It was immediately after the great International Exhibition 
of 1851 that Dr. Lyon Playfair published hie report on the state 
of technical education on toe Continent; and in a communica¬ 
tion mode more recently to Lord Taunton, on *' The Industrial 
Arts of Qreat Britain,'’ as exemplified in the Paris Exhibition 
of 1867, the learned professor states that, *' with very few excep¬ 
tions, a singular ooincidonoe of opinion prevailed that our 
countty had shown but little inventiveness, and made but little 
progress in the arts of industry sinoe 1862.” 

All who are sensible of Dr. Playfdir’s comprehensive know¬ 
ledge of toe subject, his warm interest in everything that 
concerns the intellectual development of his feUow-oreatares, 
and his unswerving truth, must feel grateful to him for tons 
calling public attention to a great national doficionoy, and so 
onsibl^ us to devise means which shall prevent our being 
intelleotnally lowered in toe scale of nations, and which shall 
bring about a system of education so healthy and sound as to 
have a practical bearing on the trade, manufactures, and com¬ 
merce of our country. 

The Exhibition of 1851 showed us that in ornamental art as 
applied to manufactures wo wore behind other countries, and 
the notion obtained that we were essentially a nation of shop¬ 
keepers—a people devoid of taste; but, on investigation, it soon 
became evident that wo wore not so dofioiont of taste os of art 
education. The Government Department of Practical Art was 
instituted, teachers were trained and spread over too length 
and breadth of the country, Art was modo popular, and too 
application of its principles to trade purposes was shown. It is 
now admitted on all hands that toe seeds thus broadly sown 
have fmetiflod fairly, and that in the period which has juuce 
elapsed a groat and permanent improvement has boon 

Daily is this progress becoming more evident, and daily is 
the meoBure of Baooeee inoreasing, beoanso, in addition to too 
Schools of Art, which ore intended for yotohs and adnlts, too 
toaoliing of elementary freehand drawing, geometry, and model 
drawing has, since 1852, been actively carried on in most of our 
National and British Schools, by teachers who have been taught 
elementary praotioal art in toe ooUeges in which they were 
trained, or by toe masters and assistants of too neighbouring 
Bohoolgof Art. And thus toe system, because it begins at the 
not, and provides for primary instmotion, prospers. These 
pupils grow up, they food toe olassos in toe art schools, and 
the result is a tiained body of designers and art workmen, who 
are fast supping the designs and executing the works which 
were formerly imported from abroad. 

It has, however, now become aridont tliat a corresponding 
progress has not t^en place in the scientifio and mechanioid 
branches industry, and this must, no doubt, be attributed to 
too unpractical character of the elemontaiy education given in 
most of our ptimaiy mid other schools, which renders much of 
the teaohing of the scienoe classes recently established nnavail- 
ingto adnlt stodeuts, whose elementary education has been of 
such an inefficient character that many of them cannot follow 
or toko notes of the clearest lecture, or spell even the simplest 
: scientific terms; and whilst some of them have loomt Euclid 
Ifrom the book), tooy have never obtained any idea of the 
prariioal nse of toe Btn4y of Geometry. 

It Is with the view, toevefote, of show^ how odncatioii, to 
be nttfanatoly useful, must, from the reij beginning, be of a 
ehstaotor) how t^ tendency of aO teaching, from the 
.ijtOBUSt that the tools to be used in the acquirement of know¬ 


ledge—reading, writing, and elomeatary'arithmetia—diaTe beoa 
mastered, should be suidi that every lesson may be a part and 
paroel of a oonrse to be subsequent carried further—even aa 
every Inick, however low may be its situation in a wall, . 
supports others in the supersl^oture—^that toe plans oorriod 
out in toe different grades of schools on too Continent will be 
here described. 

Before, however, proceeding to show the oonrses of education 
open to working men and their children abroad, let us glance 
at the early instruotion and apprenticeship of an English 
artisan. 

As a boy, he attends a National or British School, where ho 
may be, and ui most coses is, well tanght by a man who is 
earnest, energetic, eolf-sacrificing, and oonscientions. But too 
course of stndy and toe standards of examination are fixed by 
toe Education Office, and the income derived from that source 
is dependent on “ results.” The master cannot, therefore, 
afford that time should be devoted to other branches—in foot, 
some find it difficult to allow oven one hour per week for draw¬ 
ing. Again, in many cases toe masters are not oompotent to ’ 
give a teohnioal tendency to their teaching, their own education 
having boon merely literary in its character; some ore, in fact, 
unacquainted with toe commonest principleB of oonstmotion 
and mechanism, although tooy may have read the scicuoe of. 
Mechanics. Their own education having been purely theoretical, 
and as young mas are appointed to scboole In different parts of 
toe country by the authorities of too training college in whicl^ 
tooy have resided, somotimes being posted in neighbourhoods 
wholly new to them, thoy'dxe in most coses unoequninted witli 
toe processes carried on in the indnstrios of toe locality, whilst 
the elementary principles upon which these arc founded should 
certainly form branches of study in toe school. Elementary 
Chemistry, Geology, Metallurgy, Eoonomio Botany, etc., are' 
not amongst too subjeots aimed at in our primary schools, and 
thus too children do not acquire a knowledge of the sources or 
qualitioB of too raw materials in which they may subsequently 
have to work. Even “object oases” do not form a general 
portion of school apparatus, and the lessons given on their 
contents are dosnltoiy and unsatisfactory. 

The natural and unavoidable consequences of such a state of 
things is that, excepting in some of our ragged and industrial 
Bohools, where gardening, tooemaking, tailoring, etc., are carried 
on as occuparions—not ns siudics, but merely olassed with 
wood-chopping—^tho boy leaves school without ha^Ang received 
any notions of what may bo called too theory of work, or of 
too eoienous upon which too practical arts are baaed, thinking 
of Chemistry as a mystorioas art by which the druggist com¬ 
pounds medicines, and naturally associating Ffiysics therewith. 
He looks upon a locomotive as a machine widoh somehow or 
other pulls the train along; and building is to his mind merely 
the work of toe mason, bricklayer, and carpenter. 

As a rule, chance, not talent or predisposition, guides toe 
placing of the boy in on occupation by which be is to earn a 
livelihood, too porenta being naturally anxious to send their 
eons out, so that their earnings may assist in toe maintononoe 
of the family. 

Let ns follow toe boy, and see him placed in an engineer’s or 
railway works. He is in most oases merely an errand boy, or 
fag, being fit, in fact, for little else. Ha is subsequently posted 
in one of too departments, his instinotor being toe man under 
whom he works ; but this man having his own work to attend 
to, has not time to teach, and even were it not so he oonld 
only show too boy toe manual operations. It is but rarely 
that a boy placed in enoh a position will h^ve been able to 
aoquixe any of toe edentifio principles of his trade; some biB. 
liant exceptions there are, of course, but this is the general rule. 

'VlHien toe piece of work on which toe apprentice has been 
engaged ie finished, it has to pass toe foreroon of toe deport- 
i ment, generally a man who, through honesty, sobriety, and 
maaipulativo skill, has risen from toe ranks of too workmen, 
and whose education him been of a ohaiaoter similar to those 
around him. The foreman’s duties, of oonrse, leave him, no 
time, even if ho were competent, to give instmotion, and thus 
the lad goes on. In time he beoomes a jonmeyman—he may ^ 
beoome a foreman, to govern others. Thus toe “ rule of. thumb" | 
—via., each man working as his shopmates do—^prooeeds, and i 
tons h»o ignoianoe of prinriples been oocriod on from one genera- ^ 
tion to nni^er. 
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VEGETABLE COMMERCIAL PRODUCTS.—!. 

INTBODUCTlOir. 

<, A njura ia only earth and air, tronemuted into thoee nutrimit 
iprinaiplee whidk form the of onimala. Plante form the 
Ihosie of organieed life. In the great laboratory of Nature they 
we employed in supplying the atmosphere with oxygen, and in 
remoring its oorbonio odd. No tme naturalist will speak of 
any portion o£ the vegetable world os useless weeds. 

But there are some plants which ore especially useful to man, 
as sources of food, olothing, and medicine; and others are very 
Tolnable, os fumis^g building materials, barks, gums, rosins, 
balsams, dyes, oils, and perfumes. These plants ore found in 
-different oountries and climates, to whioh, by a wise arrange¬ 
ment of ProTidenoe, they have been restrioted. It is natural 
and useful to inquire, “ IVom what countries are they brought ? 
What quantity of them is annually imported r' What are the 
economio uses made of their 
products f" Obriously, the 
pursuit of such inquiries 
must open a wide and in- 
struotive field of reseazoh. 

Numerous os are the vege¬ 
table products, hitherto dis¬ 
covered, capable of utilisa¬ 
tion, they are few when com¬ 
pared with the inexhaustible V.||fll\| 'MW '< 

wealth of Nature. Not a Wvl MD 

year but adds in this respect 
something to our knowledge. 

Whoa public attention shall 
bo fully direoted to this sub- 
joot, an immense harvest will 
be reaped. Our limits will 
only admit of the discussion 
of the must valuable of 
them. They may bo sub¬ 
divided into two groups—1. 

Food Plants; 2. Indnstriol 
and Hedioiuai Plants. 1 


POOD PLANTS. 

I. PABISTACKOUS PLANTS. 

The grasses (natural order, 

Oraminacm) constitute one 
of the largest and most 
widely distributed of tbe 
natiu^ orders of plants 
appoaring in temperate cli¬ 
mates in numbers so vast 
that they form the principal 
mass of the verdure which 
oovers the landscape. The 
grasses of iropiool climates 
sre generally much loftier 
than those of the temperate 
nones, less gregarious, and 

more tufted. We give the first consideration to the Cereolia, 
-or com plants, the caryopsis or groin of whioh contains 
on abundant farinaoeons albumen, capable of great im¬ 
provement in quantity and quality. The Cmeolia have been 
cultivated from the remotest antiquity, and were thought by 
the ancients to be the gift of the g^dess Ceres. Their native 
oountry is unknown, and they havo been so ohanged by onltivo- 
tiou, t]^t we are igtaorant, except in one or two plants, of the 
wild stock from which they ore lineally descended. The Cereolia 
of temperate climates Inolndo the European oultivaW grasses, 
wheat, oats, barley, and rye; maize and tioe ore the chief 
oereals of the tropics. 



1 . BIOS (OBXZA BAnVS). 2 . nSlZE (ZSA lUTS). 


f (a.) The CereaUa of Temperate CUmatea. 

T^BAT f JVifieuw vulgare, Lmweus).—^Wheot is the chief grain 
«f temperate and snl^temperate bUmates. Its geographical 
range extends from SO® to 60® N. lat., and 80® to 40® S. lot., 
in the Eastern eoptinent and Anstrojia. Along the Atkntio 
portioas at the Western oontinent the wheat region embraces 
the trent lying between 30® and 60® N. lot. la i^e tropios, 


wheat is cultivated only in meuntainous districts, where the 
land is snificiently elevated to be of the proper tempaiotuce. It 
is estimated that in Great Britain 5,000,000 acres ore annually 
covered with this groin. 

Wheat is imported into ihe United Kingdom chiefly from 
FiUrope and America. Wb get red and white wheat from 
Prnssia and Anstria, Spanish wheat from Bilbao, and Saxanka 
wheat from St. Petersburg. We also import largely from the 
U nitod States, Turkey, and Egypt. The finest kind of European 1 
wheat is from Bantzio, the groin being large, white, and very i 
thin-skinned. 34,645,569 owt. of wheat wore imported in 1867. 
The largest amounts were received from the eonthem psxtS of 
Bussia, Prussia, and the United States. 

Wheat was formerly sown broadcast—that is, thrown from 
the hand of the sower over soil previously prepared by the 
plough. Tins is the most anoient mode. In modem times the 
plan of drilling or dibbling has been adopted—that is, depositing 

the seed in holes, formed in 
straight farrows at regular 
intervals. 

When wheat is crashed be¬ 
tween the stones of the mill, 
it is separated into two 
ports, tho bmn and the flonr. 
The bran is the outside 
harder part or coating of the 
grain, which, intermingled 
with the flour, darkens its 
colour, and is generally sifted 
or bolted out to a greater oT 
less extent. Bran is used 
for fattening the stock on 
the farm, and is of some 
commeroia] valne in tanning, 
calico printing, for filling 
dolls, cushions, etc. The 
finest kind of bran is called 
middlings. Pollard is a 
coarse product of , wheat 
from the mill, but finer than 
bran. 

The whole meal, or tho 
mixture of flour and bran 
obtained by simply grinding 
the groin, is as nutritious 
as the grain itself; and as 
bran is an alimentary snb- 
stanee, and equal to one- 
fourth the weight of the 
whole grain, by its separa¬ 
tion much waste of whole¬ 
some food is caused. The 
great importance attached 
to bread perfectly white is 
a prejudice. Brown bread, 
m^e from tbe wholes meal, 
ehonld bo adopted not 
merely on a principle of 
economy, bnt as oontsining the most nutriment. 

Flonr is largely import^ from California and other parts of 
the United States. 'We received in 1866, from all sources of 
supply, 4,972,280 owt.; but in 1867 only 3,592,669 cwt. 

Oats (Avena eativa^ L.).—The oat is the hardiest of all ths 
cereal plants, and one of the most elegant of grosses. It oon be 
cultivated in conntrios where wheat and barley will not grow. 
Its adaptability to olimate is so great that it is cultivated in 
Bengal os low as 25® N. lat., bnt it refuses to yield profitable 
crops 08 wo approach the equator. The oat is cultivated in 
England, principally in the north and north-eastern oounties, 
and in moat ports of Woles and Scotland. It grows luxuriantly 
in Australia, in Noitkem and Central Asia, in South America, 
and over the whole of the onltivatod distriote of North America. 

The meal of this groin is remarkable fox its richness in gluten, 
and for eontoining more fiatiy matter than any other of the 
oere&ls. To these two oircamstonoes it owes its nutritions 
and wholesome ohonioter. It is therefore very suitable, and 
mnoh in nse, as an article of diet for invalids. The variety 
oaUed the potato-oat is a great favourite in Scotland, and b 
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•Imort tbo only kind now onltiyaited thore. Oatmeal forme a 
TerTtooneideiable portion of the daily food of the Sootoh, and 
oat-oakee are mnoh eaten in the northern oountiee of EngWd. 

We export no oate, as onr domestic oonBTUnption is equal to 
the amount grown. The crop of this grain annnally raiaed in 
the United ICingdom is twice as large aa that of wheat. 

The nee of the oat is very ancient. It is not mentioned in 
the Bible, but it ia aUndod to by the Greek and Boman writers, 
Dioeoeyidee and Hiny. Caligula ia said to have fed his horses 
with gilded oats; but this report waa probably an allusion to 
the oolonr of the grain. 9,407,186 cwt. of oate were imtK)rte(l 
into the United Kingdom in 1867, The greatest quantities 
Oame from Bnaaia, Sweden, and British North America. 

iistiekm, L.).—This grain ia one of the 
shspie arops of Northern Europe and Asia, growing as far 
’ nortii of the equator as 70°, and as far south of it os 42°, in 
’ faronrablo seasons and aitnations. In the New World its 
growth is chiefly confined to Mexioo, the middle, weatem, and 
northern States, and Canada. In Asia, it is cultivated in the 
Himalayas and Thibet, replacing wheat in many distriots, and 
producing admirable flour. 

Barley is ohiufly used for malting and distilling pnrpoaes, in 
making beer and spirits. When the onter coat of this grain 
is removed, it is ^led pearl barley, and in tliis form it is 
valuable for thickening broths and soups. Barley>watcr is a 
mnoilaginoaa drink for invalids, made by boiling pearl barley. 

About 10,000,000 quarters of barley are grown annnally in 
the United Kingdom. Onr imports of this grain in 1866 
amounted to 8,433,868 owt., but in 1867 to only 8,683,721. 

* The greatest quantities wore received from Denmark, Prussia, 
Fzanoo, and Turkey proper. 

Barley is a very aneiest artido of human food. It is men* 

. tioned in the Bible in the book of Exodus. It bos been culti¬ 
vated in Egypt and Syria for more than 3,000 years. Pliny 
calls barley the most ancient food of man. It raquiros very 
little dressing when sent to the miU, having no husk, and con¬ 
sequently no bran. 

Eva (Seeale ceredle, L.).—This is a liigWy nutritious grain, 
bdCnot mnoh raised in this country, except as green fodder for 
oattle. In Bohemia and most parts of Germany, however, rye 
forms the principal crop. It is also much cdtivated in the 
north of E^pe, and in Planders, whore, mixed witli wheat, 
and sometimes with barley, it forms a loading ortiolo of sub- 
sistonoe. The peasantry of Sweden live very generally on lyo- 
oakoa, baking them only twice a year 5 they are, therefore, tiio 
greater part of the time as hard os a boo^, Geographioally, 
the difiEasion of rye and bailey is pretty much the same, as 
these plants generally grow in similar soils and situations. 

Bye-straw is nseless as fodder for oattle, but forms exoeilent 
thatching material, and a superior artiolo for stufiing herso- 
oollars, BO that saddlers will nsnally pay a good price for it. 
nie amount of rye imported in 1866 waa 368,392 cwt. 

> Bye is much infested by a very poisonous fungus. When 
Mtaoked in this manner, it is called in England " homed rye,” 
^d in Eranoe trgot, from a fancied resemblance to a cock’s 
|spnr^ The poisonous influence of this fungus extends not only 
|to human beings, but insects settling on it ore killed, and swine, 
iponltiy, and other animals, die miserably in strong convulsions, 
‘and vrith mo^ying ulcors. Ergot of rye is, however, in the 
hands of a skilful physician, useful as a remedial agent. 

He principal granaries of Europe are Hungary, Sussia, 
Moldavia, and Wallaohia; and the chief ports for the exporta¬ 
tion of grain, Arohangei, St. PetorBb’urg, Biga, Konigsberg, 
Dontsio, Stettin, Bost^k, S3el, and Hamburg, in the north, 
and Taganrog, Kertch, Odessa, and Trieste, in the south, 
la^ flour mills have been recently erected at Mayenoe on the 
Bhine, which is now a very important placo for this branch of 
oomneros. 

(b.) The CereaUA HToiwi Olimatee. 

JtiCB {Oryta eativa, L.).—^This useful gross is a native of 
the h&t Indies, whenoe it has spread to all the worm ports of 
A s ia , Africa, and America. It is a marsh plant, and grows very 
ibnch like the oat, the grain hanging gmoefnlly from the very 
thin, hsir-Iike pedicles, forming a loose panicle. Bice is onlti- 
thronsi^gnt the torrid sone, wherever there is a pleniifnl 
Simply of water. Under favonrahle droamstanoes it matnres on 
fbs Bsstorn consent as high as N. latitude, and as low as 
AK & iatitiid^ 2^ onltivation is jprineipally oonllneA to India, 


China, Japaz^ Ceylon, Italy, Madagasoar, Sonth Carolina, and 
Central America. 

The rice from the Sonthem States of Amerioa is deoidedly the 
best, being mnoh sweeter, la^r, and better oolonred than that 
from Asia, whore its cultivation is not so well managed. It ia 
necessary to exoopt Bengal rice, which now nearly eqnals that 
growing in the Caroliiuw. Sonth Carolina prodnees the besti 
American rice, and Patna the best East iTiilia-n variety. Excel-, 
lent rice is also grown in the Spanish provinces of Andalneia, 
Valencia, end Catalonia, as well as in the marshee of Upper 
Italy, especially Lombardy and. Venice, and in the plains of 
Milan. Mantua, Verona, P^ma, and Modena, along the river Po. 

In 1867 we imported 2,785,423 owt. of rice, besides 44,943 
qrs. in the husk. Most of our rice comes &om the British and 
Dutch East Indies, the Carolinos, Brazil, and Egypt. 

The CaTohnas and Louisiana now produce annually abont 
800,000 owt. of rice, of which 300,000 owt. are exported viA 
Oharioston and New Orleans; the Brazilian rioe oomes into 
commerce from Bio Janiero, and the Egyptian (500,000 owt.) 
from the Delta of the Nile, viA Damiotta and Bosetta. 

Immense quantities of rioo are consumed in England in the 
form of pnddings and oonfootionory. The straw is plaited for 
bonnets. Bice-paper is not manufactured from this grain, but 
ia the pith of a shrub called by the Chinoso “ taccada,” and by 
botanists Aralia pajpyrifera, L. The pith, oarofnlly removed 
from the stem of this plant, is first cut spirally with a sharp 
knife, then unrolled, spread out, and pressed fiat. Tliis paper 
is much used by the .^Chinese for water-oolour paintiug^s of 
insects and flowers. * 

Itice, although regarded by us more as a cheap luxury than a 
necessary article of food, forms the chief snbsiBtenoe of the 
Hindoos, Chincso, Japanese, and other Eastern nations. The 
Burmese and Siamese are the greatest oonsnmers of this grain. 
A Malay labourer requires 56 pounds monthly; but a Burmese 
or Siamese 64 pounds. The peoplo of South Carolina do not 
consume much rice themselves; tlicy raise it principally to 
supply the foreign demand, the swamps of that State—^both 
those which are occasioned by tiio periodical visits of the tides, 
and those which are caused by the inland flooding of the rivers— 
being well suited to lie production. The mountaiii-rices of India 
ore grown without iirigation, at elevations of 3,000 to 6,000 foot 
above the level of the sea; tiio dampness of tho summer months 
compensating for the wont of artificial moisture.* 

Bice which comes to ns in the husk is called by its Indian 
name “ paddy.” Before it can bo used for food this husk must 
be removed; this is done in India amongst the poorer people by 
rubbing the groin between flat stones, and winnowing or blow¬ 
ing the husks away. Paddy is now imported into the United 
Kingdom in larger quantities than it used to be, though pre¬ 
ference is still given to rice in its shelled state. La 1856 
32,694 qrs. of rice in husk wore imported to 3,692,001 owt. cS 
shelled rioo; while in 1863 the relative propo^ons were only- 
152 qrs. of tiie former to 3,070,292 owt. of the latter. In 1868 
45,404 qn. or about 252,308 cwt. of rioe in husk were imported 
to 4,735,997 owt. of shelled rioo. 

The onltivation of rioe undoubtedly dates from the oldest 
period of which we have any historical record. “ Cast thy bread 
upon the waters, for thou s^t find it after many days” (Eooles. 
xi. 1), evidently applies to rioe, whidh in Eg;ypt is ^ways sown 
whilst the waters of the Nile sW cover the land, the retreating 
floods leaving a rich deposit of thick allnvisd silt, in which 
the rioe vegetates luxuriantly. A spiritaons liqnor (arrack) is 
distilled from rice. 

Maizs, or IKDIAW CoR]f (Zca Mays, L.).—^His idant, hM a 
str'bng'reedy-joints stem, os thick aa j h^m-handle, with 
largo alternate leaves springing from eaoh jpiat. In favourable 
sitnations this stem attains a height of from seven to ten feet; 
it termina)iee in a large compound panicle of male flowers 
called tile tassel. Tho fenhJe flowers are situated below the 
male, and spring from the sides of the stem. They oonsist of 
ten or more rows of grains or anyopsas, situated ou the surface 
of a thick oylindrioal pi&y axis or stem called the cob, fttm 
eight to ten inches in length. From eaoh of these grains pro¬ 
ceeds a loug hairy filament, the whole 00 b being enveloped hy 
several layers of thin lepves, forming tim husk or wrapper. The 
filaments of the individual gvaius hang ti^her in a thick cluster 
out of the husk, and are oidled the ftth. He ^laments redeiye 
the pollen or fertilising matter from the anthers of the temeli 
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ft tMfc eftafljr proT«d by oattuog joB the fauMel, wbm the ea» 
ptore ftbortiya. After feortilisaition, both taead. and ailk dry up. 
This plant, when grown np to some height, nan^y eende ont 
eeTeriJ anokere from the lower joints of its stem, wMoh help to 
maintain its upright position, acting as props or bnttresses. 

Maize may be raisod on the Amerioan continent ae far to the 
north and sonth of the equator ae the iOth parcels of latitude, 
whilet in Europe its geographical range on either aide of the 
equator extends even to SO” and 52^. 

Katurahsts are at no loss to determine the native country of 
maize, which is undoubtedly America, as the Indians through* 
out the eontinont were engaged in its cultivation when the 
New World was first discovered. It now forms the staple grain 
crop of the United States and Mexico. Since the disoovery of 
America, maize has been introduced into the Old World, and is j 
now grown abundantly in Hungary, Transylvania, Moldavia, 
and Wollaohia. From those countries largo qnantitieB are 
annually sent down the Danube, t)iil the Wallaohian iiort and 
fortress of Qalatz, into the Mediterranean as for as Malta and 
Trieste. Maize is also largely grown in the countries around 
the Mediterranean, and in Southern Germany. It is raised in 
India, the East Indies, and in Australia; in a word, in all those 
regions of the tropical and temperate zones where the white 
man has established himself. 

Like the other cereals, maize may be reduced to meal, the 
coat of the grain or bran remaining mixed with the flour. 
Owing to its dofieioiicy in gluten it is not mnoh nsod for making 
bread. In the United States, howevcif it is made into cakes, 
and eaten under the name of “ com bread.” In this country it is 
not regarded with much favour as human food, although it is 
. both sweet and nutritious. Wo import it largely from Amerioa, 
principally fur feeding and fattening cattle. In the preparation 
oalled hominy, the grain is firat soaked, and then exposed to a 
dry heat, which oausos the bran or outer coat of the groin to 
crook and peel off, when it is easily separated. Pop-corn is 
another Amerioan preparation of maize m^e by slightly baking 
the nnripo grains. The com cobs form a very cheap and useful 
fuel. Wo imported in 18G6 14,322,863 cwt., and in 1867 
8,540,429 owt. of maize, chiefly from the United States and 
the Turkish dominions. 

Gtjinxa Cokn, DuaaA, or Tubkish Mmx.iT {Sorghvim 
vulgare. Pars.).—“ A roundish groin, in slmpo not unlike maize, 
but not of greater bulk than a small groin of wheat; its colour 
is a yellowish-white. It is borne in loose tufts or panicles; the 
stalks are about oighteon inches to two feet in height, and when 
dry ato very rigid ; in this state they are much used in the 
manufacture of oarpot-brooms and whisks. The grain itself is 
chiefly used in this country for feeding poultry; it is, however, 
strongly saspeotod that wheaten flour is not uiffrequently 
adulterated with it, bnt Giis can only oooasionaUy take place, as 
the importation of durra is very irregular. It is much used os 
food for the black population in the West Indies, whence it has 
been called 'negro com; they make of it oakes about an inch 
thick, which ore white, and tolerably palatable. It is also used 
by the poorer peasants of Italy. We receive it chiefly from 
Northern A&ica; it is, however, onltivated largely in the United 
States, West and East Indies, and in Southern Enrope. India 
is its native country.” (Aroher’s “ Eoonomic Botany,” p. 8.) 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.—1. 

By Professor WnienTsoK, Boyal Agiienltnial College, Cirencester. 
iMTBODtronoN—^Di]|piiTioira or dbaiitaob and imuoATion 

—BAlPCiT BIBTOBT OF THK 8CIXITCB. 
AoBtOTTXiTTJBAL drainage may bo defined as tbe art of frering 
land from huperfluons water. In its more restricted sense it 
has refetenoe to the improvement of land already under cultiva* 
tioB; in ft more extended signification it inoludes the reclama¬ 
tion of land from the sea and tiie drainage of lakea and marshes. 
Viewed in connection with the natural drainage of the country 
by means of rivers, m^fioial drainage becomes of bigh import¬ 
ance w the art of moving natar^ ontfalls; and when nsed 
for this purpose the trunk drainage is applied, in oontra- 
distlnotira to vndergrovnd drainage, by whloh is meant the 
more looalised use of the ari; in dnhung wet soils, Although 
the laadowBer or ooonpier the drainage of land surcharged 


with water by means of pipes may appear the more importantt 
yet tile first place must be given to trunk drainage, sinee with¬ 
out a perfect river economy much of what is now avnilidils land 
would be a more swamp. Kvers may, mdoed, from the dminer’a 
point of view, be look^ upon as gigantic '* main drsins,” into 
which smaller streams, brooks, brooklets, and ditdhes, efnpigr 
themselves. The aeries thus sketohed out is rendered complete 
by the underground pipe drains laid in every furrow. Tbe whole 
system may, indeed, be compared to a tree, the smallest twigs 
of which are represented by the furrow drains: just os the 
sprigs gradually unite into larger twigs, branches, and boughs 
in passing to the trunk, so in the case of land dr^ago do we 
find drains discharging into water-courses, these again into 
brooks and streams, wMoh finally, add to the bulk of some im¬ 
portant river. Looking at drainage from this extended view, it 
I at unco assumes a national importance. Not only is it a moans 
of onriohing landlords and formers, or giving on increased 
Supply of food to the population, but it vitally affects the whole 
question of the water supply of the country. There is also tl^ 
sanitary aspect of the drainage question, which adds to its inte¬ 
rest and importance. Of late years much attention has been 
given to urban drainage, and through tbe value of sewage as a 
manure tboro is a close connection between this section of the 
subject and agrionlture, insomuch that the sewag^e question is 
keenly watched and discussed by agriculturists. The climate 
of largo districts of the country is altered and improved by the 
drainer’s art, and instonoes are not wantuig of emtain diseases 
having disappearod from localities where dmiuage works have 
been extensively carried out. Hence, from an sgrioaltural, 
national, and sanitary point of view, drainage is a subject of 
vast importance, and well deserves our close consideration. 

Irrigation may be spoken of as the art of carrying water on to 
land in order to increase its fertiliiy. This art has been prac¬ 
tised from tbe earliest historical times in all civilised countrie;. 
Wator-inoadows have been established in this oonntty for hun¬ 
dreds of years, but of late public attention has been aroused to 
the importance of still further extending* the area of land tiins 
treated. Although drainago and irrigation appear at first sight 
to aim at two opposite objects—tiiu first to iako water from the 
land, and tho second to cause water to flow into it—^yot they 
mast not bo looked upon as antagonistio. It may, indeed, bo 
readily shown that, while draining frees land from superfluous 
moisture, it is the moons of causing a larger body of water than 
formerly to pass through any given section of tho soil. The 
same rainfall descends upon tho drained os npoil the undrained 
field, but owing to the arrangement of underground channels 
there is in the former case no puddling of the sorface, no 
trickling over the land into oontignons ditches, evaporation is 
checked, and the land is dry beoauso tho water has quickly 
passed through it. Drainage, therefore, is a moans for altering 
tho condition of water in the soil, rather than of depriving tbe 
soil of so valuable an element of fertility. By it a stagmuit 
condition is changed into a state of movement, and tho full 
advantages of the rain arc realised. Without it tho land is 
waterlogged, and showers which ought to find their way down 
to thd roots of plants soak tite surface and feed the neighbour¬ 
ing gutters. 'Die benefit of irrigation may likewise bo traced 
to the constant change of tho water as it passes over the sur¬ 
face of tho meadow, giving up its riches to the herbage over 
which it flows. Thus drainago and irrigation may be shown to 
have much in oommon, and the idea of their being opposod to 
each other may be dis^led. Nay, fuzthor, os a preparatory^ 
step in tho formation of wator.m^ows, it is often oonsiderod 
advisable to under-drain tho field, thus showing that the two 
operations, so for from neutralising, may assist each other izi 
improving the same land. 

|. In oonsidering suoh a subjeot os agrionltnral drainage and 
irrigation, we shall postpone tho treat^nt of tho latter for tho 
present. Drainage may best be viewed, firat, from ft theoietioal, 
and, secondly, from' a practical point of view. AftiJr ft few 
remarks on the history of the art, wo shall prooeed to the study 
of the theory of drainago, which oomprises tiu) reasons of its 
efiioaoy, and tho study cf the action of drains in solla of varying 
oharaeter. To thoroughly understand this part of onr subject, 
Considerable knowledge of Physios, Chemisixy, and Geology are 
needed, all those soionoes bearing direotiy upon it. 

The praotioe of drainage will inolude ft deaoription of tbe 
varlona systems in vogue, a oonsideifttioii of tiM aftterials fitted 
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to® TmdergroTmd ohimnelB, the mode of carrying on the work, | 
tile prootioal good efieota which may he expected to follow the 
•peratiott, and the cost. 

In treating of the hiatory of drainage we shall be brief. 
Those who wish to study this subject fully will find abundant 
information, at a somewhat prosy oharaoter, in “ The History 
of Embanking and -Draining divers Fens and Marshes, both in 
Foreign Parts and in this Kingdom,” by William Dugdale, 
Esq., Korroy King-at-Arms. In this work the earliest accounts 
at drainage, from the draining, embankments, and ontfolla 
used in the economy of Egyptian agriculture down to the 
CSudition era, ore given; and the antiior cites the names of 
M^sis, Sesostris, Sabacon, Darius, Amaais, Alexander, the 
Ptolemies, Cleopatra, Cassar Augustus, etc., as among the 
patrons of this usoful out. To us it is more intorostiag to 
leom that the Belgic drainage works were commenced about 
the year 863 A.D., by Baldwin 1., son-in-law of the Emperor 
Charles the Bold, who undertook tho work of roolomation in 
the neighbourhood of Bruges. Wo also find that a marsh 
common law existed os early os 706 a.b. in this country, in 
which powers for levying rates were conferred. In the reign of 
Henry III. Henry do Batho framed ordinances which settled 
tho laws and oustoms of Bomney Marsh on the occasion of a 
threatened irruption of the sea through the sea-wall. Such 
facts sufficiently demonstrate the ontiqnity of drainage and, 
reclamation on a largo scale. It is hardly necessary to trace 
the history of tho gradual change of the fen lands of the 
eastern counties from the home of fish and -wild fowl to their 
present high value as corn-growing distriots. Tho work has been 
accomplished by the individual energy of private indmduals, 
by Dutch settlers, and by the powerful house of Bedford. In 
tracing the history of drainage we find that, although the art 
was understood and practised even in the most ancient times, 
the subject for improvement was always snbmerged or marshy 
land. If wu seek for tho origin of modem ideas upon drainage 
we shall find httlo mention made of the drainage of land already 
under cultivation, as a further improvement, until comparatively 
recent times. This is well exemplified by the following quota¬ 
tion from tho late Thomas Qisbourue’s oxoollont essay on 
dnunage, which first appeared as' a contribution to tho Quar¬ 
terly Beview, and was afterwards revised and published with 
several other essays on agrienltarol subjects. After stating 
that the first phase of the controversy between agrionlture and 
water might rather be described as the roooveiy of land than 
its improvement, he says: “ Two other oases remain in which 
water appears as an opponent of agrioulturo. The first is tliat 
in which rain, failing on pervious lands, filters throngh them 
and reappears in tho ehapo of springs on tho surface of lower 
lands not equally pervious, much to their injury. Tho second 
is the case of lands which, from closonosa of texture, are not 
able to pass down the rain which falls upon them. -The combat 
with those two cases marks two distinct eras in the history and 
progress of draiuago.” 

'We must view the adoption of covered drains as an improve¬ 
ment upon the more ancient and simple open ditch. Both plans 
are,ihow«vcr, old, and both wore nsod by the Bomans, as appears 
from the writings of Cato, 'Varro, Columella, Fliny, and PaUadins. 

The energy of the Bomans -was, however, principally directed 
against aoils wet from aprings, or tho filtration of water from a 
iJgfaer level, and they do not appear to have attempted the im- 
pcovement of soils of a more toiutoious character, wet from their 
own inherent imporviousnoss. 

In tracing the history of English drainage down to tho present 
time, it ia atriking to note how completely the drainage of cul¬ 
tivated land ia a modem notion. Fen lands and marshes were 
early reclaimed, and from time to time a note of -warning was 
sounded, urging the importance of a more close attantion to this 
means of ntiliaing waste lands. Mr. Fiiz Herbert, who wrote 
on Bgrionltutal topics in 1534, says, “ There is none other remedy 
for marrys ground but first to drain the water clean away,” and 
this baa to bo acoomplitiked by means of open ditohea, having 
an outfall into larger or main ditches. “And,” says he, “K 
tifia manner of ditehing will not make the marsli ground dry, 
then must you make<a slough (drain or hollow ditoh) underneath 
the earth; and if that will ncA serve, then keep out your cattle 
for tsar df drowning.” 

SIw oorliast notice, says Ur. Oisbontne, that we have of 
Ungboh datinfag, is oontatoed in a broadside iu ToL IT. of the 


CoUeotion of Proolamations, etc.,” once belonging to James H., 
and now in the library of the Sewiety of Antiquaries, London. 
“ Herein,” says the writer, who dates from l^e's End, No* 
vember 16, 1583, “is taught, even for the capacity of the 
meanest, how to drain moores and idl other wet grounds or 
bogges, and lay thorn dry for ever.” It ia also directed that 
the drains should be shallow, arranged in a herring-bone pattern, 
and filled mth atones. 

Captain Walter Blythe published bis "Improver Improved " ia 
164i0, and Andrew Yarranton (see page 22) wrote, in 1677, “ Eng¬ 
land's Imxnrovement by Sea and Land.” Both were autoorities 
on draining, and the former has been frequently quoted to show 
how little the last two oeninries have done to improve the 
drainer’.; a'.t. Blythe describes in somewhat quaint language 
the essentials to snocess in draining wet soils, when he says, 
“ And for thy diayning trench it mnst bo made so deepe, it go 
to the bottome of the oold spewing moyet water that feeds -ihe 
flag and rush .... and a yard or four feet if ever thon wilt 
drain to purpose.” It would ocoupy too much space to quote 
more from a work interesting not only from its merit as an 
agricultural treatise, but also from its quaintness. In it we are 
reoommondod to use fagots of “ willow, alder, elm, or thorns, 
and lay in the bottom of thy works, or take great pebble stones, 
or flint stones, and so fill up -the bottom of thy trench abont 
fifteen inches high, and thon, having covered it all over., with 
earth, and made it even as thy other ground, wait,” says the 
gallant old Cromwellian, “ and extmet a wonderfull effect 
through tho bleseing cH' God.” 

In 1727, B. Bradley, Professor of Botany in the University of 
Cambridge, gives us, in his “ Complete Body of Husbandry,” 
some valuable information upon the then state of knowledge 
upon tho question of land drainage. Good praotioal directions 
arc given for open ditching and “ hollow ditching ” (covered 
drains); but his attention appears to have boon directed to the 
drainage of laud “ which lies wet and is a kind of lake, so that 
one cannot tread upon it but tho water feels like a quag under 
one’s feet." Then follow directions, which resemble those 
given by Captain Blythe eighty years previously, but whose 
valuable work appears to have at that time sunk into obsentity. 
“ This improvement (drainage) is chiefly practised in Essex. I 
have seen it at Nave^ok, on the forest, at an estate belonging 
to Aaron Harrington, Esquire, and it is lately brought &om 
that part of the county to the north of Essex, about 'Wioken- 
Benaiit, and near Sir Kane James’s ; and I doubt not but will 
bo generally used upon all tho equally, -wet grounds in England 
when it comes to be known, for it is but a late invention.” This 
author also describes the use of windmills in raising water from 
a dead level, os commonly soon in Lincolnshire and the fon 
county; the Fersiam wheel and tho syphon, or, as it is termed, 
tho “ crane,” is also described and figured as on appliance for 
lifting water over an embankment; “ but,” odds the consoien- 
tious author, “ I cannot taka this thought to myself no more 
than I have done any others that have been communioated to 
me. I received it from Mr. Harding, a very ingenious founder 
and master of meohanioks, near Cupid’s Stair, over against 
Summerset House, London” (even professors at Cambridge 
were not portioular is their speUing one hundred and fifty years 
since). The next great inminary in the history of the art of 
agricnltnral drainage was Mr. Joseph EUdngton, of Adnoc- 
thorpe, ‘Warwiokshiro, who commenced farming in 1730. Tho 
princi^ea upon whioh EUdngton based hia practice were not 
capable of extensive applioation, but under certain oonditione of 
.BoU and subsoil they have been carried out with exoeUent 
resulta We shall again have occasion to refer to this period 
when speaking of tho praotioe of drai]|^. From 1797, the 
year in whioh Elldngton’a system was gisga to the world by 
John Johnston, surveyor, in the torm at a work, illustrated 
with numerous diagrams, down to 1823, little attention -was 
bestowed on tho snhjeot of land drainage. It was at this time 
that the late Mr. Smith, of Doanstone, totrodnoed the subjeot of 
“ thorough draining ” to the British public, and gaye antopetns 
to the good work whioh has sent it rolling onward ever since. 
Finally, tho use of the <g;lindiioal druning pipe, both by eheapen* 
ing the material of the underground chaimri, and redueing the 
trench to the narrowest possible width, brings ns down to the 
present day, when drain^ is univetsi^lly looked upon as tits 
foundation npon whieh all other agiioaltti;^ improreBents must 
be based. 



lOBTIFIOmON. 


21 


FORTIFICATION.—I. 

BY AN OFFICEB OF THE BOTAL BNaiHEEBS. 
FEEUMINART B»MAEK8—DEFINITION OF SOADB8—DEFINITION 
OF TBEM8 USED IN OKOMETNICAL DBAWINO—SLOPES : HOW 
ESPBEBSED—DEFINITION OP THE TEBM FORTIFICATION— 
CONDITIONS THAT, IF POSSIBLE, EVEBY FORTIFICATION 
BKOOLD FULFIL—ERRONEOUS IMPRESSIONS HELD WITH 
BEOABD TO THE USES OP FORTIFICATION — SUBJECT 
DIVIDED INTO TWO BRANCHES—FIELD FORTIFICATION— 
PERMANENT FORTIFICATION—DEFINITION OP A PARAPET— 
MATERIALS OF WHICH PARAPETS ARE CONSTRUCTED. 

Preliminary Remarks. —The science of FortifleBtion is one 
BO intimately connected witii other branohea of military art, 
that it can hardly bo rendered mtereatinf; or even intclligiblo 
to a student who ha.B not previously acquired a certain amount 
of general military knowledge, sufficient to enable him to realise 
fully the main principles and conditious under which modem 
warfare is oorriod on. 

Unless the reader clearly understands th,e diSeronces existing 
between the uses and powers of the throe great combatant 
branches of every ormy—vis., infantry, cavalry, and artillery— 
it would bo useless to attempt to describe to Mm the defensive 
arrangements best suited to either of* those arms. A certain 
knowledge of military matters wUl, therefore, be assumed in 
these papers, but when technical expressions oocur they will 
bo explained. • 

Most of the operations of fortification arc those of practical 
building or construction, and it is often neacssary to express, 
on the flat surface of the paper, solids of very varied forma; 
consequently the methods of doing this by means of plans, 
sections, etc., must bo Icamt before any real' progress can bo 
made. 

Those methods form the subject of a separate study, termed 
Geometrical Drawing, and will therefore only bo so for explained 
os may be necessary to onablo a reader to understand tlio 
diagrams attached to those papers. 

Ill order that the meaning of a drawing of this description 
may bo clearly understood, it is necessary that it should convoy 
not only an idon of the shape and appearance, but also of tbo 
actual aise of the object it ropreaents. 

Definition f$' Scales .—It is evident that it will often "bo 
impossible to make drawings as large as the objects they re* 
present, and it becomes iiueossary, therefore, that in every im¬ 
portant drawing a curtain fixed proportion should exist bct''ycun 
it and the object represented. This proportion is termed the 
scale of that drawing, and is usually expressed by means of a 
fraction written on the drawing itself—thus, scab or scoJo 
would denote that the objeota represented were 1:10 or 480 
times as large as the respective drawings. 

The shapes d solids are usually denoted on paper by means 
of plans, profiles, and elevations. 

Definition of Terms used in Qeometrical Drawing. —^The plan, 
gives the length, breadth, and general direotion of every port 
of a work, and is a representation on a horizontal plane of the 
various lines or edges formed by the interseetbn of the piano 
Burfoioes that bound the solid. 

The trace of a work is the plan of its gniding or magistral 
lino. 

The section of a work is the outline of the surface that would 
be exposed by a plane cutting throngh the solid in any direction. 

The profile is a vertioal seetion at right angles to the traea, 
and shows the true heights and breadths of the object. 

The elevation is the outlint of an objeot projected on a 
vertioal plane, andt^ives the heights and general appearance of 
"Oie vorions parts. 

Slopes! how Expressed.—The degrees of meUnetion, or 
steepness of slopes, are expressed by fraotbas; the slope being 
considered os tibe l^^thennie of a right-angled triangle, of which 
the height is represented by the numerator of the fraction, and 
the base by the denominator; thus, a elope tit 
^ means that the height == boee. 
i „ „ height = I base. 

H height » double the base. 

„ „ height « i of the base. 

The (dregoing elemantaxy definitionB being understood, we 
i shonld next ^ « clear notion til the prindples of tiie eoienoe 
I before beeoiii^ inv^hred in its details. 


In all ages we find that men, prompted by tlie instinct of 
self-prosorvation, have availed themselves of artifioiol aids in 
war, either simply as a means of protection from the uissilM of 
an e-semy, or to enable a weaker force to neutralise the ad¬ 
vantage that superior numbers or armaments would gpive to 
their opponents. 

Definition of the term “ Fortification.” — The varions 
practical operations rosorted to are essentially defensive in their 
nature, and the science wMcb treats of the different ways of 
applying them to strengthen positions held by troops is termed 
Fortification. 

These operations present an almost infinite variety of detofl, 
for they depend necessarily on the special objects for wMch 
they ore intended, and the time and moans available for their 
oonstmotion. 

A knowledge of details is undoubtedly essential in fortifioa- 
tion, 08 in every other practical science; at the same time it 
will be mure important for tlio student at first to realise -the 
fact that he is not dealing with an abstruse or complicated 
subject, but merely applying practical common sense to the art 
of defensive warfare, his object being in all oases to make such 
arrangements as will oblige tbo enemy to fight under the most 
disadvantageous circumstances possible. 

Conditions that, if possihle, erenj Fortification, should fulfil .— 
To attain this object thoroughly, every work should fulfil the 
follewing conditions:— 

1. To afford cover and protection from the enemy’s missiles. 

2. To onablo the dofondci's to nse their weapons with tlio 
greatest effect, and with the least exposure to themselves. 

3. To render the advance of tlio assailants as difficult and 
slow as possible wMle within the effective range of the works. 

These principlea are often very difficult to combine, and their 
application to positions whore 'the circumstances are unfavour¬ 
able will require the exorcise of much thought and ingeHuity. 

Fortification is nocossarily a progressive science, ever ehong- 
ing ill some important details n-s the ilovolopmeiit of the sister 
science of Artillery may require ; bonce it is that we find such 
a variety in tbo forms and appearance of tbo defensive works 
coustrnoted at difleront penods and in different countries. A 
close B-tudy of thorn will show that, however unliko they may 
appear in some respects, the sanio princiiilcs may be clearly 
traced through all; not less, perhaiis, in the New Zealand “pah” 
than in the medicoval castle or the modern fortress, if the 
weapons for which each were intended are borne in mind. 

Theuo can be no doubt that, when properly applied and these 
conditions fulfilled, fortification must ever bo of vast assistanoo 
to tlio defence; it can, however, only give a passive assistAnco, 
and should not be oonfouudorl. as is so frequently the case, 'with 
the defence proper, or aotnol fighting power of the defenders. 

Good defensive works imduub'tedly enable a small force to 
fight a much larger one on tolerably equal terms, and, more, 
over, a less amount of tioiiung and organisation is necessary to 
enable troops to defend fortifications than would be required for 
mancBuvring in the field. 

It must, however, be remembered that fortifloations without 
sufficient men and guns to defend them would offer no real 
obstacle to an enemy, and that unless the offensive powere of 
the defenders be oonuderablo, they may, in spite of their de¬ 
fences, be defeated by a superior force. 

Erroneous Impressions held with Regard to the Uses of 
Fortification. —Nothing is more common 'tiian to hear it argued 
that because a fortified position is oorriod by assault, tliere- 
fore the fortifications were useless, ignoring the fact that if 
the defenders were unable to repel their assailants when assisted 
by artificial aid, they would not have had a chance of victory in 
open fight, and that the loss they have inflicted, os compared 
with their own, is probably far greater tiuui it otherwise would 
have been. 

Another favourite argnment against the use of fortifioations is 
that if they are well placed, and well oonstmoted, the enemy 
'will probably not attack them at all, but 'will endeavour to pass 
round, or turn them, os it is termed, and that, therefore, they 
are useless. 

Let ns examine this for a moment. It is evident in an attack 
on any position or torritory, there must be a oertoin definite 
object in view, and that, in order to obtafan 'this object, there 
most be oertsin paiia of that position or 'territory whioh 'will bo 
most essential for the assailant to get possmon of. Now, if 



22 


'XHB TECHNICAL EDDCATOE. 


f 


these Tital points are so strengthened by artificial means that, 
ia spite of his sapetiorlty of force, the assailant prefers to adopt 
seme other less adroniageons scheme, to the certainty of heavy 
loss and possible defeat ia attacking the works, it is cleor'that 
these fortifications will have materially assisted in protecting 
the positioB or tnritoiy, although they themselres were not 
oetnally attaoked. 

Suited dividei into Tuio Sranches. —For coaTenience in in- 
struotion, the subject is uauslly divided into two branches, termed 
Field and Permanent fortification, although it is by no means de> 
sirable that they shonld be considered as separate stndios, for 
pretisely the some principles apply to both; and in permanent 
fortification we merely see them oombined in a complete form, 
whereas this can only be imperfectly attained in field fortification. 

Field, Fortification.—ThiB has reference to temporary works 
constractod during a campaign, within a Ubuted timo, and with 
sabh unskiUod lahoor and ordinary materials as can be obtained 
on the spot. 

The strength of this class of works varies considerably, from 
the carefully constructed redoubt, in which all the requisite 
conditions are fulfilled, to the hasty sheltor-trenoh, or the rough 
linos of felled timber that so often afforded ballet-proof pro¬ 
tection to the troops in the battles of the late American war. 

The weak point of all field works, as compared with per¬ 
manent fortifications, is that, from the fact of their being con- 
stmoted in a short timo, the obstacle they oppose to the 
advance of the enemy is very ranch less formidable. 

Permanent Fortification. —Permanent fortifications, os the 
name implies, are constractod of durable materials, and dnring 
times of peace, when the choice of materials is nnlimitod, and 
when evet^hing is done that skilled labour and elaborate design 
con accomplish, to render the defence as perfect as possible. 

They ore intended to socuro from immediate capture the 
arsonaU, dockyards, and other points of vital importance in a 
country liable to attack. 

Permanent fortifications aro nebossarily very costly to oon- 
stmot, and nnloss destroyed by an enemy will endure for 
centuries, outiiving the men who built them, and the artillery, 
and oven the objects for which they wore designed. Hence it 
is that wo so frequently find examples of fortifications that are 
now obsolete, and we arc apt to consider that it was a great 
mistake over to have built tiiem, forgetting that they, perhaps, 
have been of the greatest national importance for many genera¬ 
tions, and would be so still, bad the art of war remained 
stationary dnring that ]Mniod. 

J)fhUtion of a —To fulfil the conditions of inter¬ 

cepting tile projectiles of an enemy, and of enabling the de¬ 
fenders to use ^eir arms with effect, a covering mass of some 
material is nocessary, which must have snfiicient strength to 
resist the enemy’s shot, and over or through which the defenders 
may fire. This mass is colled the parapet (derived from the 
Italian words para potto,” yuard the breast), and its dimen¬ 
sions as regards height ore dependent to a great extent on the 
ordinary stature of men, whilst its thickness must depend ontlio 
matsrials of which it is formed, and the nature of projectile it 
is inteflded to resist. 

This parapet is nsnolly oonstmoted of earth or sand, as being 
tbs material most readily obtained, and most indeatruotibio by 

wi enemy. 

MatoHats of %ohic}i Parapets are Oimstrueied.—la countries 
where timber abonnds, and whero the heavy fire of artillery has 
not to be provided against, parapets may be oonstructed of 
logs of wood placed ^nobing one another, so as to give good 
buUet-propf oover. These are called stookades, and have the' 
disadvantage of being liable to be burnt, and if struck by shot 
tbe splinten of the vrood are dangerous. 

. In some coses where it is impo^ble to obtain suflioient earth, 
or, where, from tbe noall area available, it is necessary to 
noonomise epaoe as much m possible, masonry, and even iron, 
m»if be need os materials fear parapets. The time required to 
ocostract their.; and tiieir oast, prevent the employment of these 
lattdr nMbsrials for aujr but iiarmsnent frorks. They ore chiefly 
•moored in horbonr.and Qosat defences, where it frequently 
hj^psins that ^he small islands or rooks that are most ad- 
snatageonslF ettoated for the defence oi the coast, ore too small 
to adult.cl a fuAoiAt somber of large guns bi^g placed on 
then, if tfaeyaw'tpbe surrottaded bytiilok ud manive earthen | 
IMriNveta. { 


BIOGHAPHIOAL. SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

1.—CAFTAIIf AHSBSIW ‘’TABB;hSl'OK. 

BT JAUBB OBABT. 

Abdbbw Yabbantom— a man whose views were in advance 
of his time by perhaps more than two hnndrod years—the 
projector of auhomes for improving the inland navigation of 
England and her agriculture, of plana for docks in London, of 
a great public bonk, and- many other brilliant speculations, was 
bom in a humble farmhouse at Larf ord, in ■Worcestershire, in the 
your IGIC. 'When in his boyhood, in 1632, he was bound ap¬ 
prentice to a linondraper, whose services ho quitted to become a 
soldier, when the great Civil War broke out. Being a Presby- 
torian, be enlisted in Uio army of the Farliomont, whore Ids 
ability and zeal soon won him promotion, and thus a year ot 
two saw him attain tiio rank of captain. Ho must have seen 
some sorvico against the Royalists, and probably against the 
Soots, os ho records of himself that,, “while a soldier, I Itad 
sometimes the honour and misfortune to lodge and dislodge an 
arrays” but, modestly, he tolls us no more of his fighting 
career. In 1648 ho roL-oived the sum of ^5,000 from Parlia¬ 
ment to reward his “valour and discretioA” in frustrating a 
bold design, conceived by the Royalists, to capture Doylely 
House, in Herefordshire ; but after this we hoar littlo more of 
Andrew Yorronton in connection with the army, as on the 
assumption of supremo ^>owor by Oliver Cromwell, he quitted 
it, and, with the money ho had won, devoted himself entirely 
to the cause of trade and industry. 

In 1652 he was actively engaged with certain ironworks near 
Bowdloy, in Worcestershire, and with the aid of his wife he 
ostablisliud there a linen maunfaotory, with great snocess. As 
regards iron, ho early loaruod to see that it would be the chief 
means of England’s greatness and prosperity, and of her peril 
then in case of a foreign war. “ When the greatest part of the 
ironworks arc asloop,” ho wrote, “if there should be occasion 
for groat quantities of guns and ballots, and other sorts of iron 
commodities for a present and unexpected war, and the Somid 
happen to bo locked np, and so prevent iron coming to us, 
truly wo should then bo in a fine cose! ” In the oonrso of his 
doable trade, perceiving tho difficulty of communication by 
roads that were utterly neglected, and to develop tho groat 
natnml sources of tho west of England, he applied himself to a 
survey of the rivers at his own expense, that bo might improve 
the navigation; and ho was thus employed when tiie Restora¬ 
tion of Charles II. took place. 

The journeys of Yarranton from point to point soon excited 
tho surprise and comment of those in local office, oven as his 
success in trade had already aroused their enmify and envy. 
Then came whispers that the Puritan captain was engaged in 
a Presbyterian jilot, and the 13th of November, 1660, saw him in 
prison for “ refusing to obey the authority ” of Lord Windsor, 
who was lord-lieutenant of Worcestershire. On a false charge 
of conspiring against the king, he was kept in duranoe till May, 
1662, when he made his escape; and though a party of horse 
scoured the oountiy, he made hia way to London. Fre Jhne 
came, he was again in prison, and brought before “ John Brom- 
field, ctoorgo Moore, and Thomas Lm. Esqrs., Justices 
Snrrey,” accused of having “ broken out of the Marshalsea of 
Worcester.” But he was no more molested, and returned 
to his favourite schemes for widening and deepming tiie rivers 
of the West. His first attempts were on the Salwarp, a small 
stream, so that Hroitwioh might-Le opened to the Sororxi, iuid 
the transport of salt by barges be facilitatod; and is gratitnde 
for this, the people of Droitwioh gave him a reward of A750, 
and eight Ba.lt vats in Hpwich valued at iB80 per-oanum. So 
lately as 1789, some of tbe barges used by Yarranton in hia 
navigation were found in the bed of the stream. In 1666 be 
projected the opening up of tbe Stour by connecting It with the' 
Trent through a canal, passing by both Stbnrport aid Kidder¬ 
minster : bat money fell short, and more than b hmidred years 
after Yarranton was gone, James Bzisdl^t a kindred spirit, 
oerried out his plans to the letter. 

To oonnoot the Thames witii the Severn, by means of a eanal, •. 
was another of Tanaotoh’s far-eeebg projects; and hia ' 
plsns he proposed to ont it at the very plam where, ee u tiie 
preceding oaae, more tium a hnadsed yean after his death, it 
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was oUiiiqately oonstraoted by others. In his own time, how- 
erer, this son of indnstry had. the plooenre of opening up the 
Avon, and was the irst to haye barges rowed thereon from 
Stafford to Tewkesbmy. Aud all these watery schemes, the 
improTement of agriculture' occupied his ajitentiou largely; end 
.l>orcoiviiig that the land had become exhausted by repeated crops 
of rye and the tillage of centuries, he urged the adoption of a 
new system precisely similar to that of the Scotti^ formers 
in the present day—the rotation of grpen and white crops; 
and with this view he supplied oloTer-seed in great quantities 
to the agriculturists of the western couutioB, whore by his 
advice and measures the land soon became very nearly doubled 
in value. 

Seeing that England was almost without proper harbours or 
accommodation for merchant shipping, his next, and perhaps 
his boldest plans, were those of docks for the city of London, 
where the importers were content to ship and nnship tlioir 
goods by barges in the donsoly-orowded tideway of the l^iamoB. 
But poor Tarronton found few supporters, while many laughed 
at his proposals as Utopian, and they were crushed! While 
carrying on his ironworks near Bewdloy, it had occurred to him 
that the mannfaotnro of tin-plate would be a valuable addition 
to English industry, as wo were then entirely dependent for 
that commodity on foreign markets, and all previous attempts to 
make it at home had completely failed. With this view, the in¬ 
defatigable Yarranton sailed for Hamburg, and wont to Bresden, 
where then the Duke of b'axony hold his court; and from thonoc 
to the little town of An, among the muantoins of the district 
named the Ersobirge or Ore Hills (otliorwise known os the 
Giant Mountains), where at this day more than 5U0 mines 
are open and worked. There ho learnt that it was a conutry- 
man of his own—an aged minor, “ a Protestant banished 
out of England for his religion in Qneon Mary’s time”—who 
had first discovered the tin mines of Saxony; and the result 
was that, at the time of Yarronton’s visit, 80,000 men were 
at work in them, and they had, in gratitude, erected a statne to 
tiic memory of the old Cornish refugee. Beturning from thence 
to England with a company of well-skilled workmen, he beg.an 
to mannfactvre, in the Forest of Dean, for the home market; 
and at his works were mode many thousand tin iilates, which 
wore “pronounced of bettor quality than those of Saxony;” 
but on opposition was soon ostablishcd, for the Crown, harbonr- 
ing, perluxps, & grudge against the old Cromwellian officer, gave 
a Mr. William Chamberlain, in 1C73, the solo patent “ for plating 
and tiiming iron, copper,” etc.; so Yarranton’s works wore 
abandoned, and those of Chamberlain failed; hence England 
had to import tin plate from Saxony and elsowhoro for mute 
than sixty yours afterwards, till a new manufactory, on Yar- 
ranton's plm, was started at Capel Hanbury, in Monmouth¬ 
shire, where it still exists. 

Yarranton now proceeded to Holland to inspeot the linen 
factories and the canals of the Dntcl), then the most thriving 
and industrious nation in the world; and, by what he has 
written, he seemed to have been deUghted with the wealth, 
enterprise, and comfort of Germany and Holland. “ For as the 
honesty of all governments," said he, “ so shall be their riches; 
and os their honour,' honosly, and riches are, so will be their 
etrength; and os their honour, honesty, riches, and strengtii, 
s'o will be their trade. These are five sisters that go hand in 
bond, sad must not be parted.” 

- Inspired by a knowledge that the fleets of the Dutch were in 
every sea, and that their hening-fishers swept all the east coast 
i of England and the shores of the Scottish isles, on his return he 
»t once began a new movement for the development of the 
wealth and reaonroea of tho BritiBh fiaheties, and made several 
jokiiiieyB to Irdond for the same purpose. He afterwards 
a^eyed the Dee, to connect it with the Severn. 

• ^The enoonrogement of the linen manufapfinTe ifa the central. 
, Axmntiea of England, where the etui is so ^«r«dl a^pt^ for the 
ointivation of flan, next oodhpied lus resQi^ attention, os he 
bqped Ibat ^ two millions, or thereaboafaL'sent yearly m't of 
^b^oountry lor the foreign markets, would at home in 

tbevemployment at our own people; but oil.told himself, 
*‘riotb and envy discouraged all my pious attdeKVoava to pro- 
moto our future happineaa.” ’ 

Thl flrat pari of Ua new literary work, “ Eqgland's Improve¬ 
ment by land and Sea,” appeared at London ,in 1677; and in 
its pages, as if with a spirit of proi^eoy, he foresaw or 


foretold the future commereial glory of England, his native 
country, “whose future flourishing is tho only reward I eviw,> 
hope to see to ail my labours." Tho formation of harbours, th^ 
extension of tho iron, the woollen, and the linen tra^; tlu|b 
internal navigation by rivers and canals; tlie deep-sea fishetisflj 
and tho establishment of a pnbHo bank ^sod upon the seenrits 
of freehold land, enabling its notes to pass in transaotiow 
equally with bullion; and the sohemeof a voluntary register 
property, ore all broaohed in his work ; and, strangely enough, 
the year 1802 saw an Aot passed in tho very spirit of Yor-' 
ronton’s last idea. His project for a Land Bonk was revived 
in 1695, and rooeiTed tho sanction of Parliament; bat the Bank 
of England, then only one year old, petitioned against it, and 
it was immediately dropped. We know not whether ho was 
then alive. 

In 1081 he published the seooijd part of his singular book, 

“ England’s Improvement.” In limited growths and manufac¬ 
tures, ho stated that England and Ireland (to Scotland he mode 
no reference) were tho only northern kin^oms remaining un¬ 
improved. Ho again urged the registration of real property; 
the development of the fisheries; the improvement of tiie 
Boyal Navy; the fortification of 'Tangiers (the dowry of C2ueen 
Katharine of Brngnnsa), which might thus havo become to 
England then what Gibraltar is now; the reduction of tlm 
expense of the Trained Bands, of which England tiieu bad eight 
regiments; the formation of a harbour at Newhaven in Sussex; 
the development of tho vast resources of tho Cornish tin mines; 
and many other projects, all fraught with deep thought and 
foresight. In tJie last portion of his book, ho suggested that 
tho Oomish tin, if combined with tho liomon cinders and iron¬ 
stone in the Forest of Dean, would mako tho best metal in the 
world. Of this he had sgmo practical experience, having once 
discovered a vast quantity of Boman cinders near tho walls of 
Worooster, from whence ho carried many thousand tons by 
barges up tho Severn “ to be melted down into iron with a 
mixture ul the Forest of Dean iron-stone.” 

After the close of his work was published, he proceeded to 
Dunkirk (a port then belonging to ^itain), for tho purimso of 
making a personal survey thereof; and on returning to London 
he published a map of tho fortress, harbour, and town, with 
some lottcr-press remarks, wisely recommending the nttar demo¬ 
lition of all the military works, as being more likely to bo of 
service to the French than ns. At the close of the same year, 
1681, ho published his “ Full Discovery of tho First Prosby- 
torian Sham Plot,” referring to tho old persecution ho h^ 
undergone at the Bestoration; and after tliia event his name 
disappears for ever, nor can any trace bo found of whore, or 
when, or how he di^, or even whore ho was interred; but such 
was tho singular and restless career of one whose ideas were tax 
before those of tho age in which he lived; and though his 
writings and even his name are all but forgotten now, in the 
exhortetions to honest indnstry ho sowed good seed in his 
time; and in Andrew Yarranton wo may recogpiiee one of the 
most earnest pioneers of England’s present and future greatness. 


PEOJECTION.—II. 

PBOJBCTION OV DOOB—TBAF-DOOB AND FBAinNO—CDBH8 
AND PEI8MS—TO FBOJXCX A CDBB—SHADB MNIB—TO 

develop a cube. 

It will bo remembered that in ike ptoviona lesson the method 
of projeotipg first single linos, and then planes at vorioui 
angles, was treated of. Tho present studios are familiar appU- 
cations of the principles laid down. 

F^. 11 represent a door when the wall is parallel to the 
vertical plane, the door being at an angle to it. Tho plan 
should be drawn first, and the elevation projected from it. 

Fig. 12 represents a trap-door and framing, the door being 
inclined to the horizontal plane, supported in that position Toy 
a piece of timber. In this figure the plan of the framing shonld 
be drawn first; then its elevation. To thm elevation tho edge 
of the trap-door should be added, whioh should thou be pro¬ 
jected on to the plan. 

In Fig. 13 the entire plan rotat^ sbbigdd he dnws first, and 
the projection obtained b]^ drawing petpendiaulatB from the 
anglM, and interseoting them by horisantBls drawn from the 
ooiTssponding points in the elevation. 
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14—Here a plane eqnare 
n plaoed witii ita anrfoce pa¬ 
rallel to the borieoutal plane, 
and its edgee, a, h, e, d, making 
aaglee of 45° with the vertic^ 
pla^ As tluj plane is aup- 
poeed to poeeeea little or no 
thiokness, ita elevation,,when 
lying dot, ia merely the line 
of d; the angle t, and b which 
liea directly above- it, being 
morlced If we now raise the 
aqnace, allowing it to rest on 
ihe angle a, the extremities of 
the diagonals, d, e, and b, will 
travel -Arongb parts of circles. 

^nma, let it be required that the 
diagonal a d shall be parallel to 
the vertical plane, and inclined 
to the horizontal at 45°. Draw 
a perpendicular from a to the 
iateraectingline, and thns obtain 
a'. From a' draw a line at 45°, 
and with radios a' c and a'd 
describe arcs cutting the in¬ 
clined line in and cT; the ex¬ 
tremities of ^e diagonals are 
thns transferred from the hori- 
aontol to tho inclmed elovation. 

Now the points ^ and d, in 
riling higher, will also have 
moved towards a in the plan, in 
the track indicated by dotted 
lines i their present position ia 
determined by dropping perpen- 
dionlars from ^ end d' to out 
the dotted lir'os; and tho points 
being united by lines, the plan 
of the square in the required 
position will bo obtained. 

Lot it now bo required to ob¬ 
tain tho projection of this square, 
when, in addition to tho diagonal 
a d being inclined at 45° -to 
the horizontal, it is inclined at 60° tj the vortical plane; in 
other words, keeping tho square resting on tho point «/, inclined 
at ita present abglo, and rotating it. The plan then will bo tho 
aome 08 in Fig. 14, but turned roimd until a'd’ is at 60“ to tho in¬ 
tersecting line; then porpeudioulaxs raised from each of the angles, 
intersected by 
hori zontals 
from the oorre- 
aponding points 
in the previous 
elevatioft, will 
give the projoo- 
tioa in 1^. 15. 

The same 
plan turned eo 
that a d is at' 
right on^ei to 
the intersect¬ 
ing line, and 
worked out os 
in the last 
flgnie, will give 
the projection 
of iho square 
when resting 
eta one of its 
wagles, ita 
plane being at 
45 ° to boHi the 
pilniiee of pto- 
jeeti^ It win 

be Men lA 
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the diagonal e b has, in all fhreh 
figures, cemaiaed pmallol to the 
korisantol plane; but in Fig; 
16 itlwill bo observed to to 
parallel to both planes. 

The student who has tho¬ 
roughly mastered the foregoing 
lossotts will have seen that, when 
he understood the progeotion of 
vingU bines, he soon compre¬ 
hended the delineation of pianos^ 
sinoe planes ore but forms 
bounded by lines. It is hoped 
that the next step, the projec¬ 
tion of solids (from the Latin 
solidus, eompaei), may be di¬ 
vested of some of its apparent 
difficulties, by the reflection that 
solids (excepting the sphere and 
ita allied forms, no portions of 
which ore absolute planes) are 
made up of planes, and that thus, 
when planes can be projected 
separately, it will be easy to 
work out several combined in 
one object. Thus a onbo, or 
solid square, is foi-med of six 
equal squares: and as eaoh of 
these sides is parallel to tho 
opposite one, tho trouble will 
not be much more than project¬ 
ing three planes. 

CPBXS Amt FRISMB. 

When three or more planes 
meet at one point, os the comers 
nf u cnbe, they form a solid 
aivjle, 

A prism ia a solid whrse oppo¬ 
site ends are equal and similar 
I)Iano figures, and whose sides, 
uniting the ends, are parallelo¬ 
grams. • 

The ends of prisms may be 
either triangles, squares, or 
polygons. 

A line drawn from the centre of one end of a prism to the 
centre of the other is called the oris. 

TO PROJECT A CPBB. 

First Position (Fig. 17).- When standing on the horizontal 

plane, its axis 
being vertical, 
and its sides 
at 45 degrees 
to the vertiosl 
plane. 

Let abedbo 
the plan of tho 
cube, and e the 
plan of tho oxu. 
Draw perpM- 
p dioulors from 
each of jha 
angles of lUie 
pka, and mato 
tbs hei^hl^ 
above the in¬ 
tersecting lists 
equal to tie 
sideofthei^. 
Dnw the 
line, ad, whloh 
will oemplste 
tire el<nratt<m» 
the axis l)iiiig 
hidden byltto 
edgs, e. 
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Btctmi Potitim (Fig. 18).— When resting on the solid angle, 
a, its axis being inclined nt 65° te the horizontal, and pacallel 
to tile vertioal plane: 

As the axu ^ a prism ia parallel to its edges, it will only bo 
neoeaaaity to place the deration of Fig. 17 so that the edges 
are at then the axis will be between the edge c c in the 
front, and h h beyond; and as the diagonal, a d, which forms 


the intersecting line. Draw perpendianlars from the edid 
angles of the plan, and horizontals from the conraqiond'ng 
points in the elevation of Fig. IS. The intersections of tiieae 
two sets of lines will give the points for the projections. 

Shade Lines. —The light has been supposed to come in tiie 
direction of the parallel lines on the left of the peint a. Thus 
the sides c d and d 5 are in shade. This k invested by the 



the breadth of the base, is at right angles (90°) to the edge, ' 
a a, tlie plane of the Imsu will be at 25° to tlie horizontal 
piano. Perpendicnlara dropped from the angles of this elevation, 
intorsocted by horizontals drawn from the corresponding points 
in the plop of Ilg. 17, will give the plan of Fig. 18, or the view 
obtained % looking ^wn on the elevation, in the direction of 
the arrow. The axis, e /, will now be seen. 


lines on the plan being darker than the others, and all per* 
pondionlars rising from them will bo dark also. 

Development. —The development is formed by the shapes, 
of all the sides of an object being laid down on a flat surface, 
so that when folded, or eonnccted. a given solid may be either 
constrncted or covered. By solid is here meant an object that 
has the external ai^pcarouce of solidity. Whetiier the body 



The stndent Is urged to letter with ths ntmost care until 
he has liecome acan^med to follow each point through its 
rarioos changes of position. In Figs. 17, 16,19, 20, and all 
snbasqnent projeotione of prisms, the points of the base, or 
lower end, wiH be marked with the same letters as those of 
tile opposite or npper end, bat in smaller obaraoters. 

19.—^When the axis of the onbe is at 65° to the bori> 
acttw and 30° to the vertioal plane. 

Tinea the plna so that the line of the axis, ef, ia at 80° to 


be really solid or hollow will be subsequently determined by 
sections or onttings. 

To Develop a Cube (Fig. 20).— A onbe ^ consists of six 
square sides. Let a, h, c, d be fonr of those, which, nniting at 
g, g, will form the walls, then e and /will be tiie top and bottom. 
A very nsefnl model may bo thns formed. The strips left at 
the e^es will be found naofnl in fastening the sides together. 
If the model is made of cardboard the liuM shonid be ont half 
throng, and half the thioknesa of the etripa peeled off. 
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MINERAL OOMMEEOIAL PRODUCTS.—IL 

IBOK (eontirmed). 

Jmn pyrite$, mundte, the bunlphido of inm (FeS,), !■ dlffuaed 
through rooka of aJl ages, bnt the protenoe of siilphut nukes 
it vi^nelew for the produotien of iron. It is important, how¬ 
ever, both dhwetljr as a souroe of sulphur and sulphurio aoid, 
and indireoiiy in the imraenBe number of the useful applioo- 
iions of this latter product. Pyritos sometimes oontains gold, 
and it ia than called aw-iferoui pyrites. Wicklow, Cleveland, 
Bohemia, Spain, Portugal, and Norway possess very large quan- 
titiea of this mineral. 

‘ Phasphatss qf iron are worked in Canada, and silicates in 
OwitzerlanA 

The principal processes to which iron ores have to be sub- 
jeoted, in the preparation of iron and steel for manufaotnring 
^.pmrposes, ate roasting and smelting, refining and puddling, 

I; cementation and tempering, varying with the nature of tho ores. 
The roasting process—chiefly necessary for inupure ores—gets 
liA ot comoukible matter, water, and carbonic aoid. Ibc 
attidting, oondnoted in large blast fumooes, disengages the 
metal from the oxygen and earths of tho ores, and brings it 
into the marketable form of cast-iron, in pigs. This is really a 
carbide of iron, containing a considerable proportion of carbon, 
with email quantities of some other snbstauaes, sueh os silioa 
and potash, derived either from the ores or tho fuel. It is 
very brittle, and euitable only for oastingrs: and, according to 
its quality, it is grqy iron, which is the best; mottled; and 
white, whii^ is the worst. Bofining, a ro-melting of tho metal 
with ooko or oharooal, removes some of tho oarbon and silicon, 
and xnvdaees what is called fine metal. The puddling, whioh is 
carried on in a reverberatory fumaoe, disengages farther quanti¬ 
ties of these impurities, and makes the iron malleable, prepared 
in bars or sheete, os required. By ocmentatiou, or heating with 
charcoal, bar-iron is made into blistered steel. From this, by 
welding, shear-steel is made; and by re-melting and easting, 
the cheaper oast steel is obtained. Spathose pig-iron can bo 
converted into steel without any intermediate processes. This 
ia done in Styria and other parts of the Continent, and in Borneo. 
The produce is called natural steel, and is of very fine quality. 
Ordinary oast-iron, annealed—called “run-steel”—can some¬ 
times be enbatituted for steel. The tempering of steel, to adapt 
it, as regards hardness and ductility, for its various purposes, is 
efloeted by the prooeasos of re-heating and sudden cooling—the 
temperature be^ made to vary with the quality sought to bo 
produced. 

Tho quantity of iron obtained Irom the piiuoipal mining 
oonntriei is nearly as follows.-— 


Tam. 

Onat Britain . . 4,818,354 
Franos (1887) . . 1,035,000 

(sud upwards) 
Frusala sad ZoUvsr^ . 400,000 

Anstria. 250,ooo 

Sweden and Norway . . 150,000 


Buasia. 

Belgium .... 
United States . . 

Spain.. 

Italy. 

Other soniees, about 


Tens. 

300,000 

200,000 

750,000 

80,000 

48,000 

300,000 


tellurinm, and other metale: and often oseoeiated with the 
phides of iron and silver. 

The modes of ocoorreneo and assootation of are as 
follow I— 

1. In quarts veins of the older rocks, those in tho Lower 
Silurian oontaining the greatest quantity of gold. Bzamptes 
are furnished by the anriferona lodes of Berth Wsles. 

2. In quarts veins in such Secondary rooks as have been 
penetrated by certain igneous eruptions, either in the intrusive 
rook, or in tho Seoondary strata, and then for a limited distance 
only beyond the junction of the two rocks. Such on association 
prevails in California, Central America, and Peru. 

8. As auriferous detritus in Secondary and Tertiary deposits, 
and in the debris and alluvia of rivers, such having been ^erived 
from gold-bearing rocks. Tho placer mining of CWifomia, Aus¬ 
tralia, ,New Zealand, etc., is prosecuted in super^oial drift 
deposits. Gold bos been found in streams in Cornwall, Devon¬ 
shire, Wicklow, and Scotland; and the sands and alluvia ofi 
rivers in many parts of the world are washed for this metal. 

Our groat supplies are drawn from all those sourcos. The 
chief ore Australia and New Zealand, California and British 
Colmnbia, Brasil, Peru, Mexico, and Central America; tho 
Ural, Altai, and Carpathian Mountaiua. Gold is also obtained 
from Thibet, China, Japan, Further India, and Borneo; from 
tho sands of African rivers, especially in Guinea, and from 
those of the Bhino, Bhono, Danube, and Tagus. Small quanti¬ 
ties are i^rocurod in mining districts from iron and arsonical 
pyrites, and other sonroo,, us in Silesia, Saxony, and parts of 
our own country. The total animal supply is about as follows:— 


Australia .... £12,000,000 
New Zealand (1868) . 2,504,326 

CaUtoTuia .... 13,000,(0) 

Buseia. 3,000,000 

Mexico and Central 
America .... 500,000 


South America. 
East Indies. . 
Africa . , . 
Austria . , . 

Britain , . . 
Nova Scotia . 


. £500,000 
. 500,(0) 

. 200,000 
. 200,000 
3,000 

. 80,000 


• WiATINUM. 

Platinum ranks with gold in its resistance to the influence 
of air, moisture, and ordinary aoids, and is the heaviest ju^b- 
jtanoe known (sp. gr. 21'5). It is white, exceedingly malleable 
anS* ductile, and extremely diffionlt of fusion. On aooount of 
its indestructibility it is of giwat use in the laboratory for 
crucibles. It is valuable in tho arts, and has been employed 
for coinage by Bussia. 

Platinum rarely occurs pure. It is prinoipalljr found alloyed 
with pailadium, rhodium, iridium, iron, gold, or other metals, 
and generally in allnvial doimsits. In the Ural Mountains it 
has been observed disseminated throughout the whole mass of 
certain orystallino rooks. The pure metai is got by eMding sal- 
ammoniac to a solution of the alloy in nitro-hydroohlorio aoid, 
smd washing and heating the compound thus produced. The 
Bouroos of supply are tho Ural Mountains, Brasil, Peru, Spain, 
Borneo, and Oqylon. Tho quantify funushed by Bussia is 
800 owt. 

BILTXB. 


From jihete figures it appears that the British prodnoe of 
iron is mors than double that of the rest of the gdobo. 

OOI.D. 

Tfais ^obls metal is nnaffootod either by sir or water, and is 
of great' atild Slmost universal use. In oivUised countries it 
forma, as coin, the princip^ <*--^um of exchange, besides being 
used in tiie form of gold-dust lor a similar purpose Isnong semi- 
barbarous nations; and from the riohness of its colour and its 
imperishable natiuta, it (sniera very largely into the oomposition 
and omamentatum of suok artides of ntility and luxury as 
require to be botit durable and beautiful. For all these pur- 
■ poses it is peouliarly fitted by its weight (sp. gr. 19-5) and its 
extraordinary malleabilify and duotOity. In virtue of these 
latter qnalitiee it can be hammered out into leaves of 282,000 
to an inch, and a single grain can be extended into 500 feet 
of wire. Ite natund, eoftneea oan be oorrooted by a alight 
jsiley ^ sllvar «r ooppw, end in this etate it ia commonly em¬ 
it more generally diftoaefi ijhrenghjtmi the gtobe than 
any other metal eceept ir«% bnt aot in phtoea in eufioieBt 
afafUMla&oa to .render its ooDeetiw or estMotiqn profltaUe. It 
ososn mostiljr aativa, bdhg eHlMr pure or atteypd with sfivar. 


Silver, like gold, is a noble metal, and ia need very extensively 
for similar purposes. It also noede an alloy to harden it; and 
being lose preoioue, ae well os lose weighty (ap. gr*10'5), is more 
available for common uses, espeoially many domeetio ones. Its 
chemical preparations are valwble to photography and surgery. 
In odour silver is a beautifully brilliant white; it is sonorous, 
highly malleable and ductile, and perhaps tho best oonduotor of 
heat and electricity. 

This metal ooonrs pure to some recks In very fline threads, 
and large masses of pure silver are ooeanonoUy met with to 
veins. But Hs supply is principally derived from ores, of whi(>h 
the chief are tiie eUsride (AgOl), o& ham-silver, a greyish me¬ 
talline mass, which looks like horn; the srdphida at rilver- 
glance, end its combinations with the 10 ^ 111(160 of antimony 
and arsenic, which are known as the dark and light red ailyor 
oree; and argmHferowi galena (sulphide of lead), whioh.often 
oontatoa very ocmriderable quantities. 

Silver ie obtained from its oree obielly by TOB(ittog, wnehihg, 
and amalgamation with msxtnuy,/^ The separation from lead 
wae formerly effected by the euperiot afflniiy of lead .witii 
oxygen in the prooesi esUed ettpcilatioa, wbi^ .was jn eveity 
way eoatiy: and unleae the par^entege of sQver Ih the lead 
waa huge^ tt mga not oegarated/ A ptoooot known aa BMtin- 












KOTAMaS INVBimOlfS AND INVENTOE8. 


27 


8 «m'« ia rum employed far desilTenaing lead ; it is based upon 
the disoorery iMt lead oiystalliaea or coneolidates at a higher 
temperature than aa alloy of lead end silver. Consequently, if 
argmitiferous lead be kept at the lowest temperature at ifhioh 
the flnid state oould be maintained, solid massea of pnro lead 
am gradually formed and removad, the fluid portion remaining 
being ezoeediogly rich in silver. Finally, the lead is aubjeotod 
to the prooees of cnpellation, and the silver separated. 

The moat abundant supply of silver is yielded by the'mines 
of Mexioo, Chili, and Peru, especially those of Pasco. 'Ihose 
mines ooonr in eievatod distriots, some upwards of 16,000 feet 
above the seo-levUl. Considerable aupplies are also obtained 
from other portfr of South America, in the Ural and Altai 
Mountains, from China, Japan, Coohin-China, Ibibet, Asiatic 
Turkey,'Norway and Sweden, the Harz Mountains, Soiony, 
Hungary, Austria, and the lead districts of the British Islea.^ 


The annual quantities are;— 

Mexico.£2,420,000 Britain.£180,000 

South America . , 1,650,000 Franco ..... 60,000 

Zt^Weteim .... 450,000 Bast Indies (1860). . 60,000 


Spain.-400,000 Norway and Swe<hm . 30,000 

Austria. 250,000 | 

UBBCURT. 

This extraordinary metal—quiokailver, as it is often called— 
fluid at ordinary temperatures, is the heaviest Ijjjjjid with wliich 
we are acquainted (ap. gr. 13-59). It becomes solid at — 40" 
Fahrenheit, when it is both malleable ductile. It is used 
for the extraction of gold and silver; as an amalgam in che¬ 
mistry, and in the construction of scientifle instmnmnts; in 
manufactures, for silvering mirrors, and for vermilion; and in 
medicine, for the valuable products calomel and ooirosivo sub¬ 
limate, the subohluride and ohlorirlc of the metal respectively. 

> Quioksilver is mot with pure in minute globules, but for 
the purposes of oommorce it is obtained from one of its ores— 
cinnabar, a red sulphide of mercury. This ore oconrs in the 
older rooks, but chiefly in those of the Cbrboniforons system, 
and the metal is procured from it by a process of distillation. 
The principal sonrees of supply ore Almaden in Spain, and 
lldiia in Austria, both very rich; Peru, Californio, Mexioo, Aus- 
jtialia, China, Japan, Ceylon, Bavaria, Bohemia, Tusoany, and 
.'Hungary; and the quantities of mercury annually obtained are 
about as-joBpws:— 

Paunib. Paundi. 

Austria . 800,000 to 1,000,000 Peru. 324,000 

Spain. 3,500,000 Germany . . , , 21,000 

California .... 1,500,000 I'uaoany .... 55,000 

Tisr. 

I This very useful meted is rather a rare one. It is bat slightly 
I acted upon by eitirer air or water, is of a whit*, idlvery oolonr, 

! malleable, and easily fused. Its specific gravity is 7‘3. Besides 
being lar^y used in coating or tinning more oxidable metals,' 
as iron, for instance, in the well-known material called tin-place, 
and coTuhining as an alloy to form pewter, bell-metal, type- 
metal, and solder, it is employed in its ohemioal combinations 
.for a great variety of purposes in the useful arts. It is found 
; as ui oxide, chiefly in the metaUiferous veins of the oldm rooks, 
lake in association with woUhem (a double tungstate of bron 
land manganese), and, like gold, in alluvial £stri^, as stream- 
!tin. 

By the prooesses of roasting, smelting, and refliung, the 
j strem ores produce the grain tin, which is the moat esteemed, 

' and the othM the bar or block tin. The most prodnotive dis- 
; triots are CorawaU and Devonshire, the Mah^an peninsnla 
' and islands, especially &noa and BilUton, to the Booth of it, 
and Tenaeserim, in the'Bast Indies, China, Saxony, Bohemia, 
Hnngary, Fern, New Gteanada, Bolivia, Mexioo,. Fnmoe, %iain, 
and Anstralia. Annual supply, about— 

Ibw. ; Ton*. 

Bilttin. 10,000 Japan.JIS 

OUsB. ..... 127 Australia (Tieioiia) . . 816 

Aostsia. 30 I Siam ....... 83 

Bartladta. . . . 5,000 I 

1 OOFFIB. 

Copper is' visetal of great commercial mine, and of very 
' exteiiriva nM.7 It ia of a fine red oolonr, very Boalkabk, dootile, 
iand *t*»*"«™ S'ctorona, uid a good fmdnetav of beat 

'and s i t atei My, Ita epeoiiio- gravity ia 8'90. Jndependeutfy of 

/ 


its use for coin, sheathing for ships, boilers, and domeefia ntenr 
sik, and of its alloys with gold and silver to harden thosq 
metals, copper enters into the oomposition of brass, brenzej' 
pinchbeck, ormolu, gun-metal, bell-metal, German silver, and 
the biddery ware of India. It is also largely employed in the 
production of colonrs (blue and green), in telegraphy, and in^ 
modioino. 

It occurs native in fine threads, and occasionally in largo 
mosses, the must remarkable of which have been found in 
Brazil, the district of Lake Superior, and Australia. The prin¬ 
cipal ores, which ooonr either in veins or beds, and arc ^most 
abundant in the primary rooks, arc copper pyrites, a sulphide 
of the metal combined with sulphide of iron 5 the rod oxide 
(Ca,0), the black oxide, the green and blue carbonates of oo]>i>i‘t, 
and the purple and grey copper ores, the latter associated witli 
iron, antimony, and arsenic. The reduction of the ores is a 
matter of some difficulty. In Britain it is chiefly carried on in 
tho neighbourhood of Swansea. 

Ores of oopjjor arc found in Cornwall, Devonshire, Flintshire, 
Wicklow, and other parts of tho British Isles; Chili, South 
Australia, the Urol Mountains, United States and Canada, nenj: 
Lakes Superior and Huron; associated with trap rook in Brazil 
and Cuba; in tho copper schists of Mansfeld, in tho Harz, 
Saxony, and other parts of Germany; in Sweden, Tyrol, Hun¬ 
gary, Tusoany, Spain, Persia, India, China, Japan, Algiers, 
South Africa, and Now Zoalaiid. Malachite, a beautiful oro of 
copper (carbonate), found abundantly in Russia and Australia, 
can bo used as an ornamental stone. The annual supply of 
ooppor may be thus stated:— 


Toat. Totif, 

Britain.ia,(J00 Sweden.2,000 

CkiH. 21,000 Caps of Good Hope (ore) 4,327 

South Australia . . 6,700 France.3,000 

Austria. 2,330 United States (Lake Su- 

ZoUvetein. 2,650 perior).3,000 


NOTABLE INVENTIONS AND INVENTORS. 

L—PSINTING. 

BT JOBN TIMBB. 

Thb origin and history of the " noUo croft and mystery ” of 
printing can scarcely bo told within a moderate oompasa, since 
its principle can be troeod in so many forms of producing a 
copy by pressure, as practised in very remote ages. Seals were 
impressed upon soft material noor'y four tuonsand years ago, 
and obarooters wore .stamped upon clay in forming the bricks 
of Babylon. Of this art, Wilkinson and others have brought 
examples from Bgypt, and Bawlinson and Layard from tho 
ruins of tho buried cities of Asia; whSk wooden stamps, with 
which these inscriptions were impressed, ore to be seen in the 
Bririoh Museum. Brass or bronze stomps, with raised 
obaraotors for printing with colour upon papyrus, linen, or 
parchment, have also been found; but though the liomaus 
used these stamps,.it did not occur to them to engrav*a whole 
sentenoes upon blocks—showing how very nearly wo may 
approach to an important discovery, and yet miss it. 'llio 
Chinese printing from blocks, at this day, olosely resembles 
tho old Roman, and they olaim to have practised it before it 
was known in Europe. Printing from pictures, engraved upon 
wooden blocks, was accomplished in tho thirtoouth century; 
and next, the engravings of the Siblia Pauperum (Poor Men’s 
Bible), with the text printed from movable types. 

From this period dates the praotioe at priniiny, in tho 
present sense of the term. Whether wooden movable typos 
were ever employed to print an entire book is very question¬ 
able; but BO expedient of the kind conld have fnlfllled tho 
great pun‘y!.'s of this invention, nntil it was perfected by 
founding metal ^pes in a matrix or mould, the essential 
oharacteristioB of printing, as distinguished from other arts 
which bear some analogy to it. This importmt advance 
made by (^tenbarg, wboso okim to the invention was disputed 
in an aoiiou at lagr with his partner In 1489, and evidence 
produced to show that one of tho witnesses had learnt from 
Gutenberg to “ take tho pages from the presses, and by remov¬ 
ing tww screws thoroughly separate toem (the letters) from one 
aoo&er, so that no man mag know What it k; ” thns proving 
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that aeparatad tjrpei were used, aa well as some sort ot press, 
as the transfers were no longer taken by a bnmisbet or roller. 
Odtenberg dbsd in 1468, and a statue of him by ThorwaldRon 
was erected at Mayenoa, by snbsoription, in' 1837. The 
capture of the city, in 1462, intormpted the labours of Fust 
and SehoeSer, Gutenberg’s partners; they with their work 
fled into the neighbouring states, and thus spread printing 
over the whole civilised world, and, within fifteen years, to 
every town of oonsidomtion in Christian Europe. Henceforth, 
down to the close of the last century, there appears to 
have been no alteration in the operation j the improvements 
ooneiAing in the gradual increase of the size and power of the 
press, together with the great beauty and variety of the typos. 
The press used in i^tenboig's ofiloe differed in no essential 
points from that in use nntil 1600-20. In Woodcuts of Guten¬ 
berg’s press (1405-1535), the table, with the ‘‘forme” of typo, 
remains, and the platen h brought down by a powerful serow, 
by means of a lover inserted in the spindle, such as might 
be seen in our time in a London printing-offico. It also appears 
that the matrices and punches used early in the fifteenth century 


England, remained with him, and suoeeeded to his basinets i 
his works amount to 408. The English printers were for 4 
long time supplied with type from the Continent; birt early In 
the e%hteenth oentuzy William establish^ the Carion 

Found^, which stiU exists. Anoww eminent founder waa 
John BaskorvUlo, of Birmingham. 

We have already referred to the form of presses used to the 
year 1620. Improvements were from time to time introduced; 
but they were ell superseded early in the present century, when 
the old wooden press gave way to Earl Stanhope’s invention of 
the iron press which bears his name, and in which the power, 
instead of being derived from the sorew, waa obtained from a 
bent lever that impressed the platen, or iron-plate, upon the 
paper, which is brought down on the surface of the type. I^e 
peculiar property of this press is, that when the platen first 
moves downward its motion is rapid; while, when the power is 
about to bo applied, it is slow, so tlmt the greatest amount of 
force is concentrated just at the time when it oan be of the 
greatest efficiency. The prindplo has been followed out by 
several subsequent inventors. The printing press, however. 
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were mnob in the same form os at the present time. For a 
long peribd the printers wore their own type-founders; but as 
the aii spread, easting of letters bcoome a separate business. 
To William Carton and his successor, Wynkj^ do Worde— 
who established for thcmsolvoa a high reputation, both os 
printers and, letter-founders—we owe the int^uotion of print¬ 
ing into England. Caxton was bom in Kent, 1422-3, and 
apprentioed to a mercer in London. About 1441 Caxton ivas 
sent to Bmges, where he was engaged for thirty-five years 
in commercial punmits, and subsequently devoted himself to 
Utorature and printing. Hi 1469 ho translated, from hVench 
into English, the “ Bomanoe of Troy,” the demand for whiqh 
was so great that he could not transcribe oopiea suffioiently fast, 
which led Caxton to emplc^ tiie new invention of printing as a 
means of multiplying his copies. He derived fvpm Colord 
Honsion, the first printer at Bruges, hk types and his method 
of working, os shown by Mr. Kades, in Us Life of Caxton,” 

; wh^e first book was printed in 1472 ,17 Mansion himself, at 
^ Brqges, and not at Cologne, at Mtbe^ believed. At Wost- 
^ minster he printed the first book in England, “ The Game and 
Fkjs Chess,” completed in 1476. For fifteen years be 
’ ooxitinned translating and printing, and died in 1491, about 
ei^iiy yaam old. Wynhyn^Weras, who came with Caskm to 


proved inadequate io render the rate of production equal to 
the urgent demand; and as early as 1790 Mr. W. Nioholsoii 
patented a printing moohine, in which “ the type, being mbbed 
or scraped narrower towards the bottom, was fixed upon a 
cylinder, in order, as it wore, to radiate from the centre at it.” 

cylinder, with its type, was to revolve in gear with another 
oyUnder, covered with soft leather (the impression oylinder),. 
and the typs received its ink from another i^linder, to which' 
the inking apparatus was applied; the paper being impressed 
by passing between the types and impression qylin^rs. Suck 
was the first printing machine, which was never brought into 
use, although moat of Kioholson'a plans were modified and 
adopted by after oonstruotora. K6n^ a German, ooneeived 
nearly the same idea, and oonstraet^ to Mr. Wslter a printing ' 
maoUne, by whiok, November 28,1814, the Times newspaper was 
first printed by maotanery driven by steam power, and worU)iig 
1,100 impressions per hour. In this maohine the was lidd 
upon a flat snrfaoe, the impression being given by the typa 
passing onder a cylinder of gmat size. This maoldne was super- 
Boded by that of Applegaih and CoWper, in wlioh the novel' 
points were aoooiaoy in^e register ({mo page fkiling preoise^ 
upon the back ot the other), and themelhod of iTpWi- 

mmddae, with modifleations, ie now in genera! me. ^ | 
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Btoam maohme priniin? oonld never, however, heve been 
generally adopted n^oafc the improved method at inking the 
^pee by meana of roUen, instead of halls, aa heretofore. 
Kdnlg used rollere covered with kather, whioh, working hoti- 
Bontally, diatributed the ink, and then passed over tfao type. 
A composition was next formed of glue, treacle, tar, and isin- 
glasB, whioh received and imported the ink, and whioh could be 
made to adhere round a woo^ rollor. 

Konig’s next improvement ^as the conetmotion of a por- 
leoting machine, whioh delivered the sheet of paper printed on 
both ndes, and threw off from 800 to 000 sheets per hour. In 
1818, Donkin and Baoon patented the first machine to print 
with the types arranged upon a horizontally revolving cylinder, 
instead of being placed on a fixed table, ae in other maohitios. 

Next, Mr. Applegath oombinod in one leviathan machine 
four single or perfecting machines, all simultanoously driven by 
steam. There are four places at whioh to feed it witli paper, 
four printing cylinders, and four places at which the sheets arc 
delivered when printed; the combined action of those four 
auxiliaries producing from 4,350 to 4,500 sheets per hour, 
printed on one side. Mr. Applegath next oonstruotod his 
vertical machine, in whioh, to avoid a great waste of motive 
power, and, instead of placing the typo on a plane table, he 
placed it on a largo cylinder, whioh revolves on a vertical 
axis, with a continued rotatory motion. The cylinder is a 
drum of cast-iron, around whioh the type is placed in segments, 
t as a tower of brick is faced with stone. Around the drum 
I placed eight printing cylinders, jvhioh print eight sheets 
every revolution. The machine, with the inking table and 
lore, is, in fact, i omposed of tho parts in ordinary use, only 
da circular, and placed in a vortical instead of a horizontal 
tion. Messrs. Uoe, of New York, have constructed a 
chine with tho drum and impression cylinders sot round it, 
not vertical, but horizontal, and this machine has boon made 
perfooting. 

The illustration shows an improved form of printing machine, 
constructed by Messrs. Marinoni, of Paris, for newspapers of 
largo circulation, and whioh is employed in the printing 'of 
the Echo nowspapor. Nooh of these machines is capable of 
producing 20,000 copies of the JETcho per hour. 


CIVIL ENGINEEEING.—I. 

By E. Q. BaaTKOLOHEW, C.E., H.S.E. 

IKTRODCCTION—EARLY HISTORY OF THE SCIENCE. 

Civil Engineering is a term so comprehensive as almost to defy 
a Complete and detailed explanation, whilst its importance is 
only equalloil by its oomprebousiyonoss. Its history is even 
more difitcult to deal with, for it runs parallel with abuoat that 
of tho world itself. Some idea of tho scope of this vost ecionce 
may be formed by stating what are some of tho subjeots it em¬ 
braces ; for it must not be imagined that tho building of bridges, 
and the formation of canals and railroads, oonstitntea the whole 
of the oooupation of the civil engineer. 

The civil engineer is one who applies the principles of 
meohanioal and physical philosophy to tho construction of the 
machines and public works by whioh the arts and accommoda¬ 
tion of oivil liCo ore render^ more effieieut, extensive, and 
seonro; and henoe Civil Engineering is the term applied to that 
science whioh treats of tho oonstruction of canals, railtoads, 
roods, bridges, gas and water works, sewage and drainage works, 
oquednots, piers, horbonrs, docks, viaduota, lighthouses, break¬ 
waters, and snob like. Each of those subioets involves an 
aoqnointanoe with detail in their design and oarrying out whioh 
is by nq means apparent on tho surf^o. For instance, in the 
ime subject of drainage is involved the arrangement of tho dams, 
elaioes, syphons, and machinery of evoiy kind, whether aotoated 
by steam-power, water-power, or tho wind, tat removing tho 
BurpluB water, and tiie canals which by thdr intoraeotiou com¬ 
municate with every port of the distriot to be dtatned. Ho must 
be acquainted with aU the prindplos and detaila of maohinery, 
whioh is after ell but the handmaid of civil engineering, and 
nuet be wUed to ntilise it to the ntmost for faoiUtating and 
eoonomising his work. Ho must also be piaotically aaquainted 
w^ &e strength of materials, and with those prinsiples of oom- 
bin^non by whioh the greatest amount of strmigth is gained 
wMItha least expeaditan of materiaL He must also have a 


door knowledge of brickwork and masonry, and carpenter'e 
work in general. From the foregoing it is evident that the ooon- 
pation of tho oivU engineer is far from limited, ud tlut hia 
attainments, if he would excel, must not bo few. He must be 
a man of strung determination to combat with the difficultieB 
he is Bare to encounter, and one of ready thought to devise ex- 
podionts to overcome them. Inaamuoh as the oivil engineer 
must be well acquainted with mochanical engineering, and not 
altogether ignorant oven of many points of military engineering, 
he stands at tho head of his profession, and tho vastness and 
variety of his works renders a merely superficial acquaintance 
with details useless to him; and no man need aspire to any 
eminenco as an engineer who has not climbed the ladder of ex¬ 
perience from its lowest round. Some of our beat engineers 
Live been men trained in the sohool of tho hardest manual ^ 
labour, and have risoii step by step, gaining experienoe at each 
advance, and employing that experience to tho development of 
farther achievements ; and it is a foot that all our most oole- 
brated engineers have mode themselves oonspioaous by works 
essentially their own. 

It may, under certain ciroumstanccs, bo desirable for an 
engineer to have the assistance of an architect; but that 
ongineor who is able himself to proportion hia straotnroa to the 
rules of arohitocturo, and to produce a work as elegant as it is* 
useful, and as useful as it is solid, has an immenso advantage 
over others. Similarly, os many of the public works which the 
civil engineer is called upon to carry ont involve very largely 
the employment of maohinery, both in the course of the work 
and permanently afterwards, an intimate knowledge of meohon- 
ism and meohanios is of the utmost value to him; and certaittly 
no individual is so well qualified to adapt mechanism to the par- 
ticnlar function it is intended to perform as the man who under¬ 
takes tho general design. The arehitoct and the meohanioian 
have each their sphere of usefulness, and very many works are 
required in which arohiteoture or machinery alone are needed. 
Such works are not, stricly speaking, in the provinoe of tho 
civil engineer to carry out. 

One more remark we would make is that an intimate acquaint- 
anoe with geometry is indispensable for tho oivil engineer to 
possess. Hia operations are very frequently of saoh a nature 
as to need great strength, and struotiural strength necessarily 
implies that a strain has ta be withstood. The engineer mart 
therefore bo prepared to meet any strain that may be applied, 
in tho most offoctivo and ooonomioal manner. Any unnecessaiy 
080 of material must bo avoided, and therefore, partioulorly 
where lightness has to be combined with strength, a clear know¬ 
ledge of diroetion of force and strain is an obvious necessity. 

That oivil engineering is certainly qno of the most ancient, if 
not the most ancient of all tho soio'ncos, is evident from the 
magnifioent relics whioh continue, after the lapse of thousands 
of years, to be the wondor and admiration even of the present 
age. No doubt the different oonditions of eooiety at different 
periods of the world’s history have caused various modes of 
development of the scienoe of onginoering. In the earlier ages 
war engrossed moro attention than tho arts of peace, and wo 
might expect to find more attention paid to the arta of war 
in those days; and hence the works of tho early engineers 
would embraoe tho dofonce of their cities by the erection of 
massive walla and towers, or the oonstruction of engines to 
demolish thorn. But although many of the arts of peace may 
liavo lain dormant for a while, oommeroo was not neglected; and 
we find the Fheenioians, who were the earliest traders on record, 
more than 1,200 years before Christ, settling upon the coasts of 
the Mediterranean, building Sidon, Tyre, and other coast-towns, 
and forming moles and harbours for the prutaotion of their 
shipping, and for facilitating their loading and unloading. 'IHie 
dofenoe and siogo of Tyro (332 n.c.) form most interesting 
records of early ongineerii^—not, perhaps, strictly civil, but 
nevertheless, a record of ingenious devices to meet eso^enoies 
which many a modem engineer wonid do wdl to study. 'When 
wo torn to Egypt we oro again mot with most remarkable 
remains of early engineering skill. One of their monarehs, 
Menes, who lived 2,320 years before Christ, aotnolly diverted 
the oonrso of the Nile, and, by entting water-oonxses and raising 
embankments, oouvorted the immense marsh whioh existed uiion 
both sides of the river into the finest agzioultuzal distriot in the 
world. 

The great lake Mceris, which, according to Eorodotns, was 
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450 milm in oinnunfnenoe, was utifioiaUy oonstmoted, uid 
intended aa n vast roservt^ to i-eoeivo the or«fiowing' ^tws of 
the Nile, that it ^ght be enbaeqnently utilieod for irrigation. 
This groat vorh of engineering was aooomplished 1385 n.o. 
The oiinal whioh connected the lake with the river still remains. 
That remarkable work of modem engineering, a work only jnst 
completed, the Snea Canal, was acoomphshed by Ptolemy II. 
hundreds of years prior to the Christian ora. A passing remark 
is all wo can give to the Pyramids—those stapendous works of 
ancient ei^neoring which, from their construction, must have 
jailed into action the highest skill of the Egyptian engineers. 
These royal sepulchres arc not entirely coraposod of huge blocks 
of ebiselled stone, but are built upon a core or foundation of 
the original mountain, the native rock itself being excavated to 
form the buriahehambor; and the manner in which the large 
nmssoB of stone which form the facing of the rook wore ent, 
carried, and lifted to their respective levels, furnishes an inte¬ 
resting study for the engineer. The groat pyramid contains at 
the present day more than six millions of tons of hewn stone. 

The Pharos, or lighthunse of Alexandria, built by that celo- 
bratod civil engineer, Sostratus, was considerably higher than 
St. Paul’s Cathedral. It was constructed entirely of stone, and 
divided into five storeys. But the enginocriug works of the 
early Egyptians were not confined to masonry. The people 
’ were acquainted with metallurgy and hydraulics. The pyocoss 
of refining gold and silver, and the forging of iron, was practised 
by them largely. It is not surprising that the science of 
hydraulics reached on advanced stage in a country so intimately 
associatod with water supply, and the advantages and dis¬ 
advantages connected with it. To bring the forces of Nature 
to servo the convenience of man is one of the great aims of 
the engineer, and this tlie ancients knew well how to effeot. 
Naturally, Egypt was a marsh; hence their engineers raised 
dams and banb to restrain the river within bounds. But Egypt 
altogether without the Nile would bo a barren waste, lying ns it 
does under almost a tropioal sun, and rarely watered by a 
shower; hence the Egyptians made lakes and canals to irrigate 
the land; and to avail themselves of the water when sunk below 
the level of the soil they devised engines, inflnenced by wind or 
water, whereby the lowered waters of the river might bo raised, 
and poured again upon the thirsty boU. 

We pass on now to Greece, and hero we find engineering 
directed principally to the erection of temples, and buildings for 
the oelebrntion of religious rites, chaste and beautiful, hut 
grand and massive ; not that tho ancient Greeks by any means 
neglected either .commerce or Oio arts of war. They built 
mognifioont walls to protect their cities from tho inonrsions of 
man, and capadous harbours to guard their ships from tho 
assaults of Nature. To Hippodamns, a celebrated Greek 
engineer, the dty of Bhodes owed its beauty. Philon and 
Callicrates were Greek engineers, who lived about 400 B.c. Tho 
siege of Bhndes by Demetrius, and its defence by Dioraotus 
and others, form an interesting record of tho advance of civil 
and^ military engineering in these early times. But probably 
no individual of tho period was so truly an engineer, in the 
striotoet sense of the word, as Archimedes, a man fruitful of 
rMonroOs, and quick of inventioh, many of whoso oontrivanoes 
ore employed to the present day. He was as olovor as a 
meehanioion as ho was correct os an engineer; and the combi¬ 
nation of these two scionoes in his person, and the success 
resulting therefrom, form tho best proof we can have of the 
advantage to be gained in all enginoeriug matters by uniting 
thooiy and praotiae. T^o stately Parthenon, and other grand 
Grecian temples, are, it is trae, rather monuments of archi¬ 
tectural than engineering skill; but the man who oonid design 
and erect sudb massive edifices would require to be an engineer 
of a high order. To dtsign an architravo 21 feet long, S foot 
8 inches wide, and 6 feet 9 inohos deep, might bo easy; but srho 
shall estimate the skill requisite to convey a single block of 
stone of these dimensions to the spot, and elevate it to its site 
iBore than 40 foot from the ground—a block containing 803 
eubio feet, and weighing at least 50 tons! 

But we must not linger among^ the relies of engineering art 
In Greece. There are greater works to be found in Boms and 
He imighbouidiood, and Vitruvius ha» left us muoh information 
of Boman engineering works, many of which have in part or 
altogether disappeared. 

Oonscious of Gie advantage derived from the selection of a 


healthy site fqr their towns, the Bomons irate very oarefed to 
avoid such places as, by their natund position, woi^ imder » 
discharge of sewage a matter either of doubt or diffionlty. In 
this respect the Bomons were in advance of oitraelves, fior we 
select our porition and afterwardt endeavour how best to drain 
it, and if the general level prove lower than the means of dis- 
ohargo we are compelled to erect costly machinery to convey it 
away. The Bomans were equally alive to the impartance a > 
good water supply. If, from Other causes, they desired to build 
upon a badly-watered locality, they expended incredible labour, 
and spared no expense to bring water to their town; and the 
aqueducts of the Bnmans ore to this day standing monumoutB 
of engineering skill. The engineering works of the Bomans 
wore not conned to any pattieulor region. Wherever their 
arms carried conquest, there they displayed the same wondorfol 
ingenuity. The whole of Europe abounds more or less with the 
remains of the labours of their engineers. Their walls, their 
gates, their harbonts, their temples, bridges, roads, aqueducts, 
public buildings, the materials they employed, their triumphs 
over Nature, the height of oivilisation they attained to, are all 
so many proofs of the advanced state of civil engineering 
science amongst them. Their introduction of the arch in 
masonry is by itself a memorial to their engineering sroatnuss; 
for although the existence of the arch in some of tho pyramids 
of Egypt points to an ora far before the building of Borne, yet 
it must bo remembered that tho Egyptian arches were oon- 
stmeted rather as ornaments, or us covers to sarcophagi, than 
ns tho bearers of snperinoambent weights, and that therefore 
the true value of that^'orm was unknown to the Egyptians. 
But look how profusely the arch is made use of in the amphi¬ 
theatre of Vespasian, where they stand tier over tier; see tho 
wonderful lightness and immense strength of that enduring 
monument, so perfect after tlio lapse of eighteen centuries! 
What work of modem engineering skill do we find to compare 
with it ? 

Modem engineers have followed tho plan adopted by tho 
Bomans, of forming breakwaters by the immersion of largo 
blocks of stone or concrete, piling them up without regard to 
order, until they appeared above the water. Of course the base 
of such a struoturc is greatly larger than the top, but the pris-' 
matic form thus obtained coudnocs greatly to its stability and 
strength. Plymouth breakwater is consimotod thus, and is 
only a reproduction of the breakwater at Contoaell%, now Civita 
Veoohia. 

Tho Bomans eminently excelled in their roads. As a rale 
these roads were aarriod fonvard in a straight line, regardless 
of all natural obstaolca. They ore to be found in almost every 
country of Europe, not excepting onr own. Twenty-nine great 
military roads centered in Borne, and extended thence to the 
utmost limits of the empire. 'They were most substantiBlly 
constructed, and profusely decorated on both sides with, temples 
and other ornamental straotnres. The Bomans ore stated to 
have constructed about 53,000 miles of road. Tho description, 
of the Appian Way reads almost like a fable. It was 360 miles . 
long, and pared throughout with large blocks of stone, squared . 
and dressed with the chisel, and so intimately united that the 
interstices between thorn are scarcely viaiblo. When tho roads 
passed tlirough towns they were built upon vast sewers, whiedt 
effeotnally drained their streets. 

Tho bridges built by the Bomans have jvithstood the storms 
and fioods which have carried away many a modem straoture. 
Their aqueducts ora marvels of ongineraing skill, and evidehoe 
a porfeot knowledge of hydroatatios and hydraulics. The finett 
of those wore the Aqua Claudia, which was fifty m^s long, and 
conveyed water to the oapital from Porta IM^giore, and the 
Anio Novus, sixty miles in length, sa miles of which was earned, 
npon orohes, some being 100 feet high. 

Not only were the Bomans exceedingly partioulair in their 
ohoioe of sites for their towns and oitios; but if neeessiiy oom- 
pelled thorn to soloot a position too coutiguons fqr he^th to 
marshy ground, they in the most complete muiner removed the 
evil by an elaborate system of drainage. Borne itself ivas 
perfectly drained, most of these subterranean channelB remain, 
ing to tho present day. TnunblB, some of great lengih, were 
amongst the engineering works of the anoient Bomans. The 
temples built for that gods, although not equal in monhunisn 
■to the temples of the Egyptians, yrt far exoell^ them injowg. 
nifioence and architeoto^ beauty. Bideed, in all the wwkl ■ 
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(tf ths Bomui cptpiieeH we trace a loaater hand. Ceotoiies 
liBVa elapMd aiiioe they were ooaploted, and althong^ diutoreries 
hare einoe been made, and many great works carried out, we 
most etiU yield the palm of merit to the Bomane in almost all 
pomts of stmctaral and arohiteotural engineering. 

Onr brief history now passes in tulence over seyeral centuries. 
From the decline of the Boman empire to the middle of the 
fifteenth century the arts were in a declining state, and little or 
nothing of an engineering character was undertaken. The first 
reviral of civil engineering in Enrope took place in Holland, 
when the known rich and valuable character of the low-lying 
laud adjoining the sea-coast, and sabjeot to the overflowing of 
the rides, began to attract attention, and the idea of reclaiming 
it from the ^rmon Ocean was entertained. Wo merely refer to 
this now ns’a ma%ter of history, that tho first engineering works 
of more modem days have been those of drainage, whioli in 
the case we have alluded to consisted of tho twofold operation 
of erecting a barrier against the encroachments of the ocean, 
and then removing the enclosed waters. Indeed, so important 
was this kind of work, and so valuable tho results, that for a 
long series of years, both in this country and on tho neighbour¬ 
ing coasts of Holland, this was the only work of an engineering 
character attempted. It was owing to the groat success which 
attended tho efforts of the Dutch engineers, that some of them, 
particularly Vermuj^Lpn, were invited to England to suporintend 
tho drainage ST'flio great fen district in Norfolk, a work which 
the Bomans attempted, but without success. 

But we now enter upon a period jrhen wo are enabled to 
give a more connected anddutailerl account of our own engineer¬ 
ing works, promising, however, that as our object in the suc¬ 
ceeding chapters upon this subject is to explain tho principles 
and practice of the various branches it may bo divided into, we 
sluill only allude to i>artionlar works of an engineering kind 
which have been carried out, iu order better to iUustrata the 
subject. 


TECHNICAL DRAWING.-IT. 

TECHNICAL DBAWINO BOX—'fECHNlCAL PENCILS—^HINTS ON 
COLODBINO DBAWINGS—^LTNEAB DBAWINO BT MEANS OF 
INSTBUMENTB. 


out. For mechanical drawing, it is best to eat a flat point to 
the pencil; this is done by ont^g away the wood, and leaving* 
about an eighth of an inch of lead projecting, whioh Is then 
to he out nntil it is thinned to a fiat, broad point like a ohisel; 
tho broad side of this point is moved along against the mlo, 
and the line thus drawn will be found to be muoh finer than one 
drawn with a round point, l^e chisel-point is economi<»l in 
various ways, for it will not break so often, and the point onoe 
cut can be rubbed from time to time on a piece of fine glass' 
paper or a file, or even on the edge of tho drawing-paper. 

Many of onr readers will have ezperienoed the annoyanoe 
of a point breaking hi the midst of a lesson, just at the 
moment when following tho teacher’s illustration line by lino. 
The student is therefore reoommeuded to employ two pencils 
of tho same kind, and to make a point at oach end at both 
before beginning to work; to keep the spare pencil at his aide $ 
as the point he is nsing becomes blnnt cr breaks, he turns 
his penoU; and when the same occurs to tho second point, 
ho iakos up the spare pencil. He has thus the use of four 
points, more ilinn v;hich he is not likely to want in one 
evening. 

Once again tho student is urged to remember that the more 
possession of a case of instruments, however good, will not 
consrituto a draughtsman, llie instruments ore merely the tools 
—the mechanical agents through whioh riie mind acts; and it 
cannot be denied tliat the more the mind comprehends of tho 
subject to be draivn, the more willing and intelligent servants 
will tlio hands become, luid tho more accurately wfil they guido 
the compass or tho drawing-pen. Georaotrical drawing, then, 
should be looked upon as a mental exercise more than a merely 
manual occupation or employment, giving ns not only subject 
for thought and earnest roflootion, bat enabling ns to communi¬ 
cate onr plans to othens in such a manner that they can under¬ 
stand us and work out our do.signs bettor than they could have 
done from tho most oiuqnent description. 

TIio student will, no doubt, find it difficult at first to draw 
very fine lines, or to got them to intersect each other exactly as 
required, especially if he has been engaged in some hard manual 
occupatiun during tho day; but ho will find a little practice wUl 
soon overcome this, if he but starts with patienee, energy, and 
tho earnest desire to oxceL 


The writer l^s frequently been asked by students, " Which is 
tho cheapest box of instruments to got ?” whilst others have 
put to h’m the question, “Which is the best case to buy?” 
Now, it is not witiiin the province of this work to recommend 
the instruments of any particular maker, nor to suggest the 
prices w'hioh should be given, os this last depends on tho 
means at the command of riio purchaser. But smallness of 
price is not always real cheapness, and a good article, manu- 
focturod by, and bearing tho name of, a respectable English 
house will bo found by far the most economical in the end. 

Of course tho price of a case of drawing implements must 
depend on what is contained in it. The following articles are 
inffisponsable; and these having been obtained as a beginning, 
ainglo iustraments or colours can from time to time be added 
as ocKJosion may require ;—A set of instruments, which sbonld 
at least comprise a pair of compasses with stml, ponoil, and 
inking leg; a draw-pen; a twelvo-inoh rule, divided into eighths 
or tenths on the one side, and twelfths on tho other; if pos- 
siblo, a x>totraotoT; and certainly a stiok of Indian ink. In 
addition to these, the meohonical draughtsman requires colours; 
and, proceeding again to name the emalleet stock he can do 
with, we advise him to get at starting three only—via., indigo, 
lake, and yollow-oohre—from whioh he will be able to mix 
most of the tints nsed in Tochnioal Drawings, aooording to 
methods which will be given presently. Of oonrse he will add 
to the three oolours from time to time. Then he will require 
a small slab-—one with three divisionB will be found tho most 
useful—and a few brushes with sticks. 

As to penoils, the degrees most gcuerally useful are those 
marked hb and b, the latter of which, being harder than tho 
former, is more a^pted for very minute work; but, as a rule, 
bard penoils are not the best for mechanioal drawings which are 
to be inked, as they are liable to make grooves in the paper, the 
bottom of whioh the xdb of the drawing-pen does not touch, 
and himoe the wlges of the line will be ragged; and farther, 
Uses which are 3rawn with very hard penoils are diffieult to rub 
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When yon are about rubbing up soma colour, first sec that 
the slab is not dusty. Then drop somo water on it from ono 
of the larger brashes; but on no account dip the cake of 
colour into the cui> or gloss of water, which is a most wasteful 
plan, as it softens tho coko, and causes it to crumble off in 
rubbing. 

Bnb the point firmly, but not too heavily, or yon will not get 
tho colour smooth. Be careful to hold the oake upright, so as 
to keep the edge flat. 

When you have rubbed as much colour as you think yon are 
likely to want, do nut at once pat tho cake baek into its place 
in the box, but stand it on one of its edges so as to allow it to 
dry, otherwise it will stick to tho box. 

Bhic, red, and yellow are called tho three primary Colours. 
When two primariet are mixed they produce a secondary colour. 
Thus 


PrvmoriM. 
TeUow aud Bed 
Yellon and Blue 
Bed aud Bine 


Stcendary, 
pxodaoo Orange. 

„ Oieen. 

„ Paiplo. 


When yon wish to mix a secondary colour, such as green, 
from riie two primaries blue and yellow, rub the blue in one 
division of tho slab, aud the yellow in another, leaving a space 
■between them. Then, with your brush, mix the two colours in 
this vacant space ; but on no account mb either of the cakes ia 
the colour obtained from tho other, as this would leave the end 
soaked in another tint, and when you used it again you would 
find tho colour would bo impure. Of course, these remseks 
apply to the mixing of any two colours. 

In order that colonr may flow easily, and cover a surface 
evenly, it is necessary that it sbonld bo tMn. It is always easy 
to wash it over again if it is not dark enough, but it is very 
difficult to wash off the colour if it be too dark. 

When you have laid on your colour, do not touch it again 
whilst wet. If it should require ro>toaohing, let this be done 
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■when it hu >^«d, aa you trill generally make it voree by 
•tirring about in tbe colour, and will be likely to rub up 
the snzfaoe el ibe paper. 

'Wbeteyer it ie possible, use a large bmsb in preference to a 
smaller one, as yon,will by this means be tbo more Ukely to 
snooeed in getting a flat wash, whilst a small brush might 
mi^o the tint lie in. streaks. Care is, however, necessary in 
using a luge brush, so that you may not pass over the outlines. 

To htf a flat wash of ooloor is of great importanoe, and to be 
able to stebomplish this some praotioe is required, in order to 
obtain wbibh you are rooommended to draw eeveral triangles. 


equaiea, or other figures, of different sizes, 
oolonring the smallest, and then work on > 
in order of size, os it is more difficult to ^ 
spread the wash over a large than a small 
enrfaoe. Let your brush be quite full of 
ibin oolonr, and, holding it nearly upright, 
pass it boldly over the upper port of the 
figure; then gradually bring the colour 
Aowu, spreading it eqnaUy over the whole 
mirk as rapidly as yon can, so os to pre¬ 
vent, if possible, any one part drying be¬ 
fore the whole surface has been covered 
with colour. 

The following is a list of the colours 
used by most arohiiocts to express the 
various substaaoes:— 

JCaWrioZ. Colour. 

Brickwork to be exe-'l 
cnted (ia the plans v Crimson Xioke. 
nndeaotione} .} 

Briokr^kin Eleva-jCHmson^S^^* 

• • • ( or Venetian Bed. 

~ I’ Baw Sienna, 

Vandyke Brown. 

Bale Indian Ink. 

{ Yellow Uohre, or Fele 
Sepia. 

( Sopla with dork muk- 
I iuge. 

Indigo. 

(Fsyno'i Grey, or 
\ Koutral Tint. . 

f Pule Indigo tinged 
( with Lake. 

t Gamboge, or Boman 
Ochre. 

i Pala Indian Ink tinged 
with Indigo. 

Burnt Timber. 

Indigo and Lake. 

Having thus given a few of the ele¬ 
mentary principles of drawing and colour¬ 
ing, we will now proceed with our subject, 
showing the application of these prin¬ 
ciples,. and developing others as the 
lessons advance. 

The principles of fonndations being 
enuneiaM in the lessons on “Buildiug 
'Conatmetion," it is hero proposed to give 
some atttdieB of the various assemblages 
of timbar employed in such works, iu 


Commouco by 


The llgbter Woods- 
such as Fir. 

Osk orTeak . 
Granite . . 

Stone generally 

Concrete Works 
Wrought Iron 
Cast Iron , 

Steel 
Sims . 

Lead 

Clay or Earth . 
Slate . 
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Fig. 4 


Fig. 5. 


order to afford some useful praotioe in drawing parallel lines at 
tight smgloB to each other. 

LIXEkB DIUWlNa BT MKANS OF IBS'TBirKBBTS. 

Fig. 4 ia the plan of a network of timber supporting a plat¬ 
form on vdiidh a foundation is to be erected. 

Here the tzunverse sleepers, a a a a a, rest ffireotly on a site 
wkieh, although not soft enough to render piling necessary, is 
still net snffioieutly firm to allow the walls of the structure to 
' be raised witiiont the foundation being extended and equalised. { 

^.8ie the sectional elevation of the sleepers and wall, a | 
being the elevation of the ordu-eleepors, which are shaded in 
.. theploin. 

time nmoh.infoAnatien aa to the meaning of the snb- 
Wo*e him, the student can now oommenee work; and as 
bMrs often known leanmca wnate.beK o< that evening, and 


when reproached with idleness, say, “I don’t know where to 
begin,” we may here, onoe for alL hsy down the priadplb, that 
when the general position of the wh& aubjeot On the paper 
has been decided upon, the sure plan is to draw jhrst that wUoh 
would be laid down, or huUt It is also neoessary to say 

that all the drawings in these lessons are to be worl^ to at 
least twice the size of these examples. 

Well, then, the sleepers, aa a aa, would, of oourse, be laid 
down ffist; and therefore these must he drawn first. 

Draw the line A b, the &ont edge of the first oross-sleeper 
(Pig. 

This line ia to be drawn with the T-square, holding the butt- 
pOnd tightly against the left-hand edge of 
the drawing-board. Do not draw it oxaot^ 
the length of A B, but longer, and set off 
the length a b upon it, leaving a little of 
the indefinite line on each side of A b. 
The purpose of this will bo pointed out 
to yon presently. 

Next, keeping your T-square in its 
place against the edge of your board, 
move it by ite butt-end a trifle lower 
down, place your eet-squaro against it as 
shown in the out, and draw perpendiculars 
from A and B (as shown in Fig. 4). The 
immediate purpose of these is to give the 
ends of ell the oross-eleepers; but as they 
be wanted for another purpose by- 
and-by, draw them much higher than they 
ore for the present required: in fact, iu 
all architectural drawing, it ia very useful 
to draw your •pmdl lines past their abso¬ 
lute extremities, for reasons which I will 
explain to you wheu spooking of inking 
the drawings. 

Toil will now find it useful to employ 
two pairs of compasses or dividers, 
the one, take the thickness of the sleepers; 

' and in the other, the width of the space 
between them. From Asset off on the 
I perpendicular, A C, the width of the first 
j one, then a space, then another sleeper, 

! and so on; and dniw the lives which give ' 
l£ the edges of the sleepers. 

It will, of course, bo remembered that 
too hard a pencil should not be used, so 
that the superfluous lines may be easily 
rubbed out aftor iuMug, and that the 
pencilling must be done aa lightly os 
possible, so that no more of the grit of 
the lead than is absolutely necessary may 
be left on the paper, for this will work 
up between the nibs of your draw-pen, 
and cause endless annoyance and diffl- 
oully. 

With the some width in your compasses, 
mark off tiie sizes of the longitudinal 
sleepers, hbih, which rest on aaaaa; 
and ooross these again draw the planking, 
e e cee, the lines forming the ends ^ 
these planks to be drawn iritiiin the lines 
AcandBD. 

To draw the sectional elomtion (Fig. 5), draw tiie gronnd- 
line, B r, and the line above it, d e, representing the bright of 
the orosB-sleepera, of which a is the elevation, 

Prodnoe the lines of the longitudinal sleepers in the plan; 
these will gpve the sides of their sections in Fig. S, and aoross 
these draw the edges of the planking, e, parallel to the loww 
rieeper. It will be seen that the nnder si^ of these seotions 
are lower than the upper edge of the lower rie^ier; this is 
booanse they are notoh^ on to it in the miiimer shown in the 
leijBons on “ Building Constmotion.” 

bn the platform thas oonstmoted draw the section of the pier 
or wall. 

It may be mentioned that the spaces between the sleepers 
should be welt rammed tft flushed up to the top of the ristesii 
—the planking may U then said to rest npdk a sdld bs e M ->* 
and pilaakB should be spft»d to tiie riespen with Wdodm pfaM> 
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APPLIED MECHANICS,—I. , 

BT BOBIST BALL, X.A., 

Bratanoc of Applied Ifethematice ia the Bo^el Calleca of Soiesoe, 
DabUn. 

APmCATIOSS OP THE LEVEE AND THE SCBBW. 

It is proposed in this series of lessons to give an aoooont of the 
praotioal applications of med^nicol principles, The general 
lairs of Mechanics hare been already laid down in onr “ Lessons 
in Mechanics" in The Povulab JIduoatob. Oar4>nsiness is 
with the application of .these laws to practice, and therefore wo 
shall not nnfreqnontly have to refer to them. For example, in 
the present lesatm we shall often assame that the reader is 
familiar with the different forms of lever and their mechatiioal 
properties, of which an aooonnt will be fonnd in Lesson VIII. 
^ ^e series referred to. So also in what wo slutll have to say 
of the applioations of the screw, we shall snpposo that the 
reader alr^y possesses the knowledge whtoh may bo gained by 
a perusal of Lesson XII. Occasional glances have been given 
in those lessons , of the usefnl applications of the meohanjeai 
powers. It shall be onr duty to follow ont the useful part to 
Hb details. Wo shall describe and give a practical account of 
many tools, implements, and machines; wo shall select those 
whi(^ are of interest either from the fact that they are of 
very extensive nae, or that they are connected with some impor¬ 
tant branch of monufaotnre. Wo shall occasionally describe a 
very common tool, and occasionally a oolossal machine or strao- 
tnrei It is hoped that an aooount suoh os this is designed to 
be will not on^ prove of interest to tlfb student of Mechanics, 
hut be of Biotaal service to those who are in any way connected 
with manufacturing industry. 

The lever is susoeptible of a vast variety of forms, and it 
will bo useful for the student to practise himself in tiying to 
recognise ita presence under its different aspects. In machines 
of any complexity, which contain a great number of moving 
parts, many of these parts ace levers of one form or another. 
We shall mention a few of the different oases in which this 
oonirivonoe is met with. 

We begin with one that is very simple and well known—the 
ordinary pinoers. This is shown in Fig. 1, in which the familiar 
process of palling ont a nail is represented. This tool consists 
of two levers of the first order; the common fulcrum of both is 
the pin at v, gbout which th^ work. The power is applied at 
H, by squeezing the ends of the levers together. The load 
is at B, and oonsists in the grip with which the nail is held. In 
the figure the leverage is about sixfold—that is, the jaws grip 
the nail with six times the force that the ends, h, h, arc forced 
together. The nail is hold in the jaws by friction, which in- 
oreoeoe with the pressure, and oonsequently, the more powerful 
the fnroe with which the jaws ore pressed together, the more 
seoure is the hold which they have of the nail. Uenoe we 
Bee the principle of the lever of the first order applied in 

taking hold of the naU, and we 
shall now reoognise it in the sub¬ 
sequent process. When the noil 
is to be extracted, the eide, s, of 
the jaw is pressed against the 
surfaoe, and a becomes now the 
fulcrum. H is pressed down to¬ 
wards tho surfaoe by the band, 
and this prassnro constitutes tho 
power. The load to ho overcome 
is now the tenacity with which 
the noU resists being withdrawn, 
lliis is prinoipaUy due to tho 
friction of the wood upon tho 
nail into which it has been driven, and of course varies with 
the nature of the wood and the sisa of the naU. We simll 
take one instance. It has been fonnd that a nail called a three¬ 
penny brad, which is 1'25 inches long, when hammered to a 
depth of O'fi inch into dry Chiistiaiuii deal, required a force of 
58 lb. to extract it. Let us suppose that it is a nail of this 
sise which we have represented in the figure. Now, the action 
of the hand is twafpld—it first squeezes the jaws together, and 
tto, whits holding them firmly, presses the whole tool in the 
direction of the arrow on h s. It is only thq latter part of the 
action of the hand that we ore at present conoemec with. Let 
fall the petpendionlar 8 p on a K. Than, by the principle of 


the bent lever, the power of tho hand must be to, the resistaiiae 
of the nail, as the line s T is to the line s p. Now, on the scale 
on which the figure is drawn, a t is about one^ighth part of 
s F; hence tho power necessary to be applioa at H is only 
58 -i- 8, that is, about 7 or 8 lb. There is another advantage 
gained by the use of this tool, which it is important to notira, 
as tho some case is mot with in ma^ different tools and 
machines. Tho pincers enable tho whole power of the arm to 
be oonoontratod on withdrawing the nail. Tho fingers applied 
directly would he bruised in fruitless efforts pvon to stir the 
nail; but the pincers, by giving a good object to grasp, enable 
the whole power of the arm to be apidied, and then they 
magnify this power eightfold. No wonder, then, at the remark¬ 
able efficiency of this usefnl tool. 

Levers are not unfrcqnently used when there is no meohanioal 
advantage to bo gained in the way of power, but where'the 
direotioii of a force is desired to be changed. In snob eases 
it is sometimes a little difficult to 
see that the piece is a lover. Wo 
must then carefuUy remember 
the definition, that a pieoo capable 
of turning around a centre, to 
one point of which tho power is 
applied, while to another point 
the load is applied, is a lover. A 
common illustration of this form 
is shown in Fig. 2, which repre¬ 
sents the well-known boU-orauk. 

Bell-wires being stiff and rigid, 
it would bo impossible to change 
their dirootion by means of 
pulleys, and so tlie beautiful and ingenious oontrivanoe of 
the bell-orank has been adopted. It consists of a quadrant, 
usually of brass. It is supported at the oontro, f, upon a 
pin which is firmly fastened to the wall, and about this pin 
it is free to turn. The power is appli^ to the oiroumfer- 
enoe of the quadrant at the point P, the direction of ita applica¬ 
tion being perpendicular to the radius F F; this is the point to 
which the wire is attached by which tho pull is given. Now, 
tho effect of tho pull on p is to tom tho crank round slightly in 
tho direction of tho arrow, and this can only he done by raising 
B ; hence at B the wire to transmit tho pull is attached. The 
load is in this case only equal to the power, so there is no gain 
in that respect; in foot, if anything, there is a slight lose, owing 
to tho friction of the crank about the pin. 

A very useful application of tho lever of the third order is 
met with in the common treadle used in turning the foot-lathe. 
Hero the power consists of the pressure of the foot which is 
applied between tho fulorum at one end, which is the centre 
about which tho treadle moves, and tho load at the other end, 
which is communicated by moans of the oonnecting-rod and 
crank to the main shaft of tho lathe. The power is here 
diminished, as is always the ease in the lever of tho third order; 
but the object aimed at is convonionoe, and it is found by ex¬ 
perience to be easier for the foot to exert a prossnre sufficient 
to move the lathe through a short distance, rather than a less 
pressure through a longer distance. Tho real resistaneef which 
tho lathe has to overoomo is not the raising of a weight, but 
tho shearing foroo necessary to cut off with a tool sharings 
of wood, ivory, iron, or other work on which the lathe may bo 
engaged. Tho lathe apparently gives an inoroaso of power, 
because in turning iron, for instance, the shavings that are 
out off are fax greater than could have been removed from 
tho work by the direct application of the tool. One reason 
of this is, that in tho latter case only a few muscles of the 
hand and arm can bo employed, while, with the aid of the 
lathe, aU tho powerful muscles of the leg can be concentrated 
on the work. 

The Screw is a meohanioal power of the utmost importance. 
Its theory has been already fully given in Leeson XTI. Wo 
shall, then, point ont some practioal considerations in connection 
with the use of the instrument. 

The efficiency of the screw is largely diminished by friotion. 
In fact, sometimes the power of a screw is found to be only one- 
fonrrii of what it wotdd have been bad not this force been 
present. This oontiaets the screw with the lever, for in the 
Mtter tho jeffeot of friotion is quite iiqq)eroeptiblo. Theory at 
once in the lever gives the relation between the power and the 
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Imd; BO dooB theory in the Borow also; but then it mnst be 
preened by emd baaed upon actual experiment. 

Li ardor to nrAe tiua cleu we shall fully describe experiments 
which have been made upon a screw-jaak, with a view of detex- 
mininff the relation between the power and the load. 

The B<new> jack employed is represented 
in Fig. 3. It oonsistB of a stoat tripod 
of ixoD, twq legs of which are shown in 
the flgore. The top of tliis, A, is made 
of brase, and forma the not of the screw. 

The screw itself is very carefully turned 
from a oy Under of wrought iron. Its pitch 
ietwo threads to the inch, and its diameter 
Bkboat two inohcB. The top of tiio screw 
is enlargod, as seen at B. This contains 
two hotes, one of which is shown, while 
fhrongh the other the arm n r. is passed. 

This arm is for the purpose of turning 
round the screw. At c is the crown. This 
ia BO arranged that it can turn ronnd on 
B, ab tliat after it has bitten into the 
■^aoe which is being iircssod upwards 
it aball couso to revolve, though n is 
turned round. The object of this is to 
diminish the groat friction wliich would 
be experienced by making the tt>p revolve 
against tho snrfuco, and placing the frio> 
tion insteorl betwodh tho top of the screw 
and tho under surface of tho crown, where 
it can be reduced by having a smooth and Fig. 3. 

well-oiled bearing. Another reason is, 
that tho surface aoted on would be tom and injured by the 
action of tho crown. Tltere are slight ridges round the margin 
in order to make ittako firm hold. Tlio bottom of tho tripod is 
also furnished with ehort i>rojociang points which embod them¬ 
selves in the surface and prevent the tripod from taming ronnd 
with tho screw. 

The screw-jack usotl hi tho experiments now described was one 
adapted for weights up to two tons. The arm is about 33 inches 
long. When the arm makes, one revolution it moves through a 
spaoe of 


have moved 7S4 inches. This would be the mbohaaical efficiency 
withqnt friction; with friction it may be assumed about one 
quarter of this, or 188. Henoe, in order that the nut may 
exert a pressure of one ton in mwwing the surfaoes together, it 
is only requisite that the hand exert a pressaro of 



188 ' 


ll'S lb. 


B X Y .N a* indies. 

But it must iierform two revolutions in order to raise tho screw 
1 inch. Hciioe the power must linvo been exerted tlirongh a 
distance of 41(5 inches to raise the screw 1 inch. According, 
thorefore, to tho principles laid down, if thoro were no friction 
tho mechanical efficiency of this screw should be 416'fold. Lot 
us see how mneh it is in reality. 

A weight of 1,000 pounds is placed upon the screw, and it 
is found that a power of 8-2 pound.-! applied to tho extremity 
of tho arm is just snffieiont to raise it. llenco 
the real mochauical efficiency is— 


Thus, with a force of 12 lb., which oan be 
exerted with little effort, the parts are 
pulled together by a force of a ton; and 
with a little exertion a foroo four or five 
times this amonnt ia readily produoed. 

2. The strength with whieffi they hold 
the ports together is very remarkable. 
Kot only does a bolt bring the parts 
into intimate oontaot, but it keeps them 
there. In fact, if the screw be properly 
made, and the siso of tho nut properly 
proportioned, the bolt may be oonsidered 
as formed of solid iron when once the nut 
is screwed home. But wrought iron, 
when ■ good, requires a force of about' 
twenty tons per square inch of section 
to tear it asunder; oonsequontly a nut 
whoso diameter is an inch will not bo 
overcome by a force loss than about fifteen 
tons. Though the two means just men¬ 
tioned are the moat important, yet there 
are several subsidiary reasons why bolts 
. are so extensively ns^. 

A bolt eonsists -only of two parts, for 


100 (( 

St! 


= 122 lb. 


In faot, since 29, tho true mechanical 

offikdency is only 29 i)or cent, of what it would 
baivo been liad there been no friction—loss, in 
faotitban ono-third. 

It is important to understand iliis tlioronghly, 
and in general it will be safe to oalcnla le on not 
getting from a screw more than one-fonrth of the 
power it would yield without friction. 

Tho most useful oontrivfnee by which the dif¬ 
ferent parts of a structure can bo united together 
owes its effioienoy to the sorew. This is the woU- 
known sorow-bolt represented in Fig. 4. Ifelts are tho stitohes 
by which maobinos arc pat together. They owe their utility to 
aevaial disianot roosone. 

I. They enable tho parts to be drawn together very forcibly. 
Thu, suppose a bolt have ton threads to the inch, and that 
Hm mt be tamed by a wrench, the arm of which is a foot 
hmg, tire band must move in one revolntion tloongh a oiroam- 
inmoe of 

xtx ISwffi'iiaehss. 

ndma ^ ant hu heem morved ofw iaoh, the band most 



8. Their eimplioity. 
the nnt roqniroa no catch to prevent it from slipping back along 
the screw after it has been bronght homo. This ia duo to fric¬ 
tion. Without friction every nnt would require to bo provided 
with some complicated arrangement to provent its motion. 
l5oHs connecting parts subject to extreme vibration cun gene¬ 
rally have their nuts kept tight by the simple prnoess of sorow- 
ing a second nut down home on tho top of the first. 

4. Another groat praotical oonrenienco of bolts is the very 
different sizes of the work they can grasp. A bolt 12 inches 
lung, and with 2 inohos of screw on the end, can bind together 
any two'pieces whoso united thickness is a little greater than 10 
and a little loss than 12 inches. Bat with the simple addition 
of washers—^whioh are little iron plates with holes largo enough 
to allow tho bolt free passage—a 12-inch bolt oan be made to 
grasp any two pieces whose united thioknoss is less than one foot, 

5. Bolts require very little to bo done to the work to which 
thoy are applied. All that is necessary ia that a hole be bored 
largo enough to admit the bolt. It ia not nooessary that this 
hole fit closely; a loose fit acts os well as a tight one. 

fi. Nor do bolts injure the work when the pres¬ 
sure is applied to them, liecause by the use of 
waBhorsx>f proper size the force can be distributed 
ever a sufficiently largo area on tho surface of tho 
work, and consoqnently bruising it can be avoided. 

7. Bolts oan be very readily appUed, removed, 
or changed, and only a most simple tool—a 
sorew-wrenoh or spanner—is neoessoty for the 
pnrpoSe. No skilled workman is requi^, 

8. Bolts being made of wrought iron are ever¬ 
lasting if mst bo prevented. They are very 
cheap, as thousands of tons of iron are annually 
mannfactnred into bolts by moohineiy. They ore 
kept in stock, of all sizes and forms, in shops 
where they are sold, and they ore very portable. 

Hieso reasons' being oonsidered, we need not 
wonder at the enormously varied oironmsIsuiaeB under whioh 
bolts sre employed; tlu^ load ns with a heavy debt of gratitode 
to that most beautiful of tho meohanioal powers—the sorew. 

Litl& need be said of oommon wood-sorew. The thread 
of this sorew is sharp, as it has to out a nnt for itmlf in the 
wbod through which it passes. Its point must first be inserted 
into a bole, some of its threads then embed themaeKes sligM^ 
in the wood, and thus form tiie beginning of a nut. 'When the 
serewdriveir is applied the eerew advauoes, and ihu nuke* ita 
nut mote perfect. It may be remarked that a sorew ahoold 
alwi^ be at right angles to tim grain of the wood, B» oa to 
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enable the thread to inemoate iteelf between tiie interetioea of 
the fibres. It is obvioos that this cannot be done properly it 
the grain be paxaUel to the axis of the sorew. v 

We shall oonolade this lesson with an aooonnt of a common 
sad naefal maohiae, which oorabinas in itself examples both of 
the lever and the screw. This is the viee, of which, in its 

ordinary form, a diagram 
is given in Fig. 5. It 
consists of two jaws, a b 
and a'c. a b is oontinned 
downwards into what is 
called tho tail, F, which 
rests upon the ground. 
Tho object of tho tail is 
to support tho vice whon, 
as is often the case, the 
work between tho jaws 
at w receives a blow 
from n. hammer, a' is 
firmly secured to tho 
bench by means of a 
strap of iron, t, which 
passes around it, and is 
then bolted to the bench 
at D. Thus the jaw A B 
is fixed; while the other 
jaw a' C is capable of 
turning around tho pin 
shown at a'. Thus c can 
either be brought into 
eontaot with b, er re¬ 
moved to a oonsiderable distance from it. The objo«t of 
the viee is to seise the work, w, and hold it-vety firmly while 
H is being filed, or drilled, or out with a chisel, or undergoing 
some other operation. Of oonrse, it is only for oomparatively 
small pieces of work that such an instrument is used or, indeed, 
required. The necessary pressure is given to the jaw A'c by 
means of a screw, 8. In Fig. fi ore shown the pieces of load 
which are used for patting on the jaws of the viee when holding 
work which would be injured by thh stool faces of the vice if 
unprotected. 

When tho handle, H, is turned «o as to move tho acroy into 
the nut, the law a' 0 is brought foroibly towards a b. a' o is 
then a lover of the third order, os tho fulcuum is at one end, the 
load at tho other, and the power in tho middle. The power of tho 
screw is therefore slightly diminished, when applied to tho work 
at c; but as a force of a ton or more can easily be exertpd by tho 
screw, it will, oven thongh. it loses a third of its amount by tho 
nature of the leverage, exert a tremendous pressure on the work. 
Tho auifanos of the jaws ore roughened, so that they can take 
a firm grip of what is between them, and hold it by tho friction. 
At K, a spring aoti:^ npon tho jaw a' c is shown. The object of 
this is t» move tho jaws asunder when tho pressure of tho screw 
is relaxed. The scicw and its nut are quite independent of the 
jaws, and require to bo renewed ocoasionally, as the thread of the 
nut IS apt to wear ont by constant use. 

There arc multitudes of other applications of tho screw and 
lever, and it will be useful for tho student to exercise himself in 
endeavouring to examine them. 


ANIMAL COMMERCIAL PRODUCTS.—II. 

CAENIVOEA. 

DIGtTIQBAO£ (eontintud). 

U'tae Tiger ^Felis tigris) inhabits the Asiatie oontinemt, and is 
•tqpedanjr' abundant in Hindostan. Nootumol in his habits, 
lying dnring the day in some shady spot, gorged with his lost 
meal into sleepy indolence, the tiger frequents ttLe noighbonrhoud 
of springs and the hanks of rivers where the weaker animals, 
forced by the soorehing heats of the tropios, seek coolness and 
drink The skin in a bright tawny yellow, shaded into pure 
whjjte beneath the body, and beautUnlly marked wi& dark 
bands and stripes. It is used, to cover tiie seats of jnstioe in 
Chiai^ and is also employed for rugs and mats. From 200 to 
350 tiger-skins ttAi annuidly imported into the United Kingdom- 
<F«Ms ieopardiM, Cuvier).—^Tlfis animal is found 
in jUaea mujEuiaf iniudfits the deepest raoessss of the forest.* 


thus rendering pursuit nearly impossible. Taken nsually in 
traps, it is also hunted with dugs, until, being an expert 
climber, it takes refuge in a tree, and when the hunters come 
up it is easily shot. The skin is a tawny yellow, tho lower 
ports white, and ouvered all over with dark sjiots, which vuy 
in size and form. It is worn as a mantle by the Hutiganaa 
nobles who form tho royal body-guard of Austria, it is alse 
used as a saddle-cloth in some oi out cavalry regiments, as a 
mark ef rank amongst the officers. About 200 ioopord-skina 
are sent annually to the Fiiglish fur markej;. • 

The Jaguar, or American tunffyer (Felia onca, Idnnimis),— 
native of the warm parts of America, ospocioily Paraguay and^tho 
Brazils. Next to tiie tiger, the strongest Bpoeics of tliu genus; 
also on expert climber, 'fho skin is beautifully marked with 
deep ohocolato-brown siiots upon a rich yellowish ground. 
hVom 300 to 400 skins of this "aniraal aro annually imported, 
and used as rugs, or for ornamontal purposes. 

The Puma, or American, hion (Fclis cuncolor, L.).—Exten¬ 
sively distributed throughout tho Southern American continent, 
found also in the warmer parts of North America, More fre¬ 
quently met with in grassy plains and marshy meaduw-lands 
bordering rivers than in the forest. This animal lives npon 
deer, hogs, and sheep, to which it is vciy destructive; for it is 
not satisfied with the simple seizure of prey, hut, mooting with 
a herd of animals, will kill as many as possible, sacking only a 
portion of the blood from each. Tho fur of tho puma is thick, 
close, and reddish-brown in colour, changing on tho belly to a 
pale reddish-white. The skin, when imported? is used for car¬ 
riage wrappers,. 

Thg, Cmadiain Jjgnu (Felit Ckutadensis, Geoffiroy).—This is a 
timid creature, common in tho wooded districts of Canada as 
for north as 66^*, incapablo of attacking the larger quadrupods, 
but well armed for the capture of the American hare, on which 
it principally feeds. It makes a poor fight wheii attacked by 
tho banter, apits and sots up its hair like an angry cat, but is 
easily destroyed by a blow on tho back with a slender stick 
From 15,000 to 20,000 lynx-skins are annually sent over to tiiis 
country by the Hudson’s ^ay Company. ' 

Tfte Common Oaf domceOcus, L.).—In Holland tho cat 
is bred for lts'fur,''t>eing fed on fish, and carefully tended until 
it arrives at perfection. Wo import annually 20,000 cat-skins, 
and the English fur-market also receives a considerable quantity 
from home. The cat’s skin makes an excellent rubber for 
eleotrioal maohinory, and is also used for sleigh coverings, rail¬ 
way rugs, etc. 

Tlio Family CqjiMj® (T«atin,- canie, a dog) forms tho next 
group of Digitigrado Carnivora, and includes dogs, wolves, and 
foxes. The diflerout varieties of dog arc supposed by some 
naturalists to have boen derived from tho wolf. Tho nommon 
djjgjCCtwiM famUiaris, L.) is distinguished from the wolf aud 
'Jackal by its recurved tail; but tho species vary in size, form,' 
and the colour and quality of hair, nearly ad infinifum. In 
most oolleetions of fur a few dog-skins will bo found, althongh 
there ia no regular trade in them. 

The H'aif (t'airis lupus, I,.) has a valuable skin. This 
animal, once iudigenous to this country, but now extermipated, 
still lingers in the forests of Xortborn and Southern Europe, 
and is particularly abundant in Itussia, North America, and the 
northern parts of Asia. From {*,000 to 10,000 wolf-skins 
are annnally imported from Europe, tho United States, and 
British North America, 'riioy are seiviceablo for tin' linings 
of coats and cloaks, for sleigh coverings, and wherever additional 
warmth is desirable. 

The Sed Fox (Fulpes fulvus ).—It is not the common European 
fox, Vnt different varieties of tho Amciiwi (equally well known 
for its ounniug and misehievons attacks on the poultry-yard), 
that is found in tlie furriers’ shops of this coimtry. The fox is l 
easily distinguished by its long, sharp nose and bmdiy tml.! 
Foxes have been formed by zoologists into a distinct group 
amongst tho Oanido^, or dogs, on IIjo ground that the pupil of 
their eye is verlioal, whilst in the dog it is circular. The tail 
of tho fox is longer and more bushy, its head broader and more 
pointed in the muzzle, and its gait and attitude crouching The 
red fox of America is ferruginous in colour, and strongly re¬ 
sembles tho fox of Europe. About 8,000 f^ins are annually 
imported into England, most of them to be re-exported, chiefly 
into the markets of Turkey. 

TAs Otom Fog (Tuljpes deeussafu«}.-»-Tfais is probably onltr a 
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wMjr of the red foz. It ie diatiiigwihed by a black oroae on 
the neck and shoulders, and is a South American animai. Its 
^•kfai is Talnable, selling for ^4 or A5. 

The (Tulpee lagopue). —^This animal is very com- 

men %t&Sr &e Arctic oircle, and exhibits in a remarkable 
manner that mutation of colour which polar animals undergo 
with the ehaasge of the seasons. In winter it is a pure white; 
in sumaui' a dorsal line of a darker colour is observable, with 
transverse stripes upon the shoulders. This oiroumstance has 
led to its being ihistoken for the cross fox. Late in antunm 
ihsss animals oollret in vast nnmbers on tho shores of Hudson’s 
Bay. and migrate southward, returning early in the following 
spring along the sea-cooet to tho northward. Tho southern 
limit of their migrations in North America is 50° north latitude. 
The Arotio fox is very cleanly in its habits, very unsuspicious, 
and easily snared. There is a dark variety known os the sooty 
mi blue fox (Fu^et Both tho blue and the white 


otter, and wolverine. These animale, from their' peonliUF 
appearance and habits, have, been called vwmiform quadru¬ 
peds. They are distinguished by the lengtii and slender¬ 
ness of their bodies, which enable them to wiad like worms 
into very small openings and orevioea, whither they easily 
follow the smaller mammalia and birds on whioh th^ prey. 
Several of them, as the Mleoat. omit a very offensive odour ^ 
nevertheless, they yield toe most cosily and highly-piued (rf; 
our furs. 

The.fiTMvne erminea), —This, the most interesting 

species of the weasel family, resembles the oommon Bnglisb 
weasel, and inhabits Siberia, Bassia, Norway, and Sweden. In 
winter it is olotbod by Natw with a fur ns white as the snow 
which then covers tho ground, and is thus rendered invisible to 
its numerous enemies ; in summer its garb changes to a dingy 
brown. 

The white fnr of the ermine is highly esteemed. It is the 
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skiM an imported in considerable quantities, but they do not 
fstoh so high a prioe in tho English market as do the skins of 
the rod fox. 

3^ or Silver (mipes argentatus ).—This speoios 

is ^tingnish^ from others by its intensely black fnr, 
whirit is intermingled with silvciy hairs, and has a white 
spot at the end of the %nil. It is a native of tho northern 
parts of the American continent. “ An unnsnally fine skin of 
one of these animals has been sold in London for .£100.' The 
imperisl pelisse of the Emperor of. Kussia, made of the block 
necks of the silver foz (exhibited at Hyde Fork, in 1851), was 
valued at il3.500.” 

3J«, Cowoele F<m (Tulpes Coeeae ).—^This fox inhabits thq vast 
plwM of Tartaryr Its skio, whioh is of a clear ferraginous- 
yellow eolonr, is mneh pHrid in Bnssia and Turkey. Not 
fsiMr tiban from 40,000 to 50,000 of these animals are annually 
takaa and sold. 

Hw Esmily A fiwfsMd a (Latin, tnuriela, a weasel) forms 
tiis last proup of Bigitigprade Carnivora whose skins supply our 
fnr moirkats. This family includes the sable, polecat, weasel, 


royal for of England, and of the sovereigns and emperors of 
Europe. The Pope and his cardiuala have their eoolesiastioal 
rubes adorned with capes and trimminjls of ermine, aooording 
to tiieir rank. The tail alone of the ermine is jet black, and 
this is inserted at intervals into the prepared furs as an 
ornament. 

“ In^ England there is now no restriotion on the weoring of 
this fur, but in tho reign of Edward HI. it was forbidden to all 
but tho royal family, and a similar prohibition still exists in 
Austria. There is, however, a ohaiaoteristio distinction made 
in the mode of ornamenting tho fnr employed oit state oeea- 
sions, according os it is worn by the soveroigiL or by peers, 
peeresses, judges, etc. The sovereign and royal fau^y can 
alone wear ermine trimmings in which the fnr .is spott^ sU 
over with black—a spot in about every square inch of Ike 
for. These spots are not formed of the tail of the ermiAe, 
but of the paws of the black Astraoan limb. The crown i* 
also adorned with a band of ermine with a shyie row of 
spots. Peeressoe wear capes of ermine, in whi^ ti>e spots ate 
ananged in tows, the =.amber of rows denoting degrees 
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nak.' Peei« weax robes of scaxlet cloth, trimmed irith 
1 pore white ermine without any spots. But the number of 
rows, or ban of pure ermine, iu this case also denotes the 
rank. Hie robes of judges axe also scarlet and pure white 
ermine.”* The number of ermine skins annually imported is 
upwards of 100,000, and of these very few axe exported. 
The fur of the ermine is manufactured into ladies’ muffs, 
; tippets, trimminga, and linings. 

SMf (Maaiela ZihelUna ).—^Thie is the next 
fnrto minine in value and in general use. The animal which 
yields it lives in the wilds of Siberia, and is hunted in the 
depths of winter, when its fur is moat Taloablo. The fur is 
brown, with aome grey spots on the head. The darkest in 
colour are the best. The skins are small, but they ore sold 
at prices varying from throe to ten guineas. Only about 2,000 
of these valuable furs are received in England, because so 
much prised in Buaaia, where about 25,000 skins arc annually 
collected. 

This fur is usually manufactured into linings, sometimes 
valued as high os 1,000 guineas. Tho Lord Mayor, aldermen, 
and sheriffs of the City of London have their robes and gowns 
lined with Bossian sable, according to their respective ranks. 


8T 

206,000 marten skins were imported. Of these the greater 
number belonged to this speoies. 

The i’olecat (Muststaputoriws) is common throughout Europe. 
It is ve^ destruetive in the poultry-yard, and very oonragaona. 
Its flexibility is so great, that when seized improperly by a 
terrier, dt not griped in t^ right place, it will tom and faeten 
on the dog, so os to prevent fuller attiusk. This animnl has a 
soft black fur, with a rich yellow ground. The natural odour of 
the fur is unpleasant, but prooesses have recently been adopted 
which effect its removal: 150,000 to 200,000 of these skins are 
annually sold in tho London fur markets. The finest are ob¬ 
tained in Scotland. More than 25,000 are exported yearly from 
this country to America, where the fur is much sought afters' 

The Pine Marten (Muatela abietum, Bay) is found abundantly 
in the forests of Northern Europe and America. It shuns tho 
habitations of man, and preys on birds and the smaller animals 
—mice and hares. When its retreat is out off, it shows its 
teeth, sets up its hair, oruhos its bock, and hisses like a cat. 
Upwards of'100,000 pine marten skins are anhually imported 
into England from the torritories of tho Hudson’s Bay Company 
and Canada. 

The Beech Marten (Mustela Feina ).—This animal has a white 
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; Tho tails of sables are used in the manufacture of artists’ 
I pencils uid brushes. 

The Mina (Mustela vieon ).—^Tliis animal is a native of North 
America, and its skin comes to ns principally through tho 
Hudson’s Bay Company. In the month of March tliis Company 
holds annually, in Ijmdon, a public fur sale, which attracts 
great numbers of fomgnors. Through them the furs destined 
for the Continent find their way to Leipsio, whence they aro 
distributed throughout Europe. The fur of the minx reaomblos 
tho table in cedoar, but is oonsiderobly shorter and more glossy. 
It is much used for ladies’ wear, and is made into viotorinos, 
cloaks, muffs, etc. In a single year, tho number of skins of 
this little animal received in this country have amounted to a 
qnaxtbr of a million. Their price vatiea from ten to fifteen 
shillings a-pieoo. When this skin is of a silver-grey colour, it is 
additionally valuable. A muff mode iff six of sudh skins is 
worth tweniy-five guiiteos. 

TUm jim»n^,.BabU (Mustela Veneopus ),—^The fur of this 
animal TN^B^m a tawny colour to a deep Idaok. The animal 
itself is kuwn by its white fut. The fur is much worn in 
.I to g lM i d , and is mode into onffs, muffs, and boas. In 1856, 

* *‘Oyol<ip«dla ef Uasfnl Arta." By Cbsrlw tTomhoMn. Yol. I., 
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throat, and is thus distinguished from the pine martdn, the,, 
throat of which is yellow. It is found in woods and forests in* 
Nerthorn Europo, bat nearer the habitations of man than tho 
pine marten. It is imported in considerable quantities from 
tho north of Europe, and its fur is dyed to imitate sable. 

The Stone Maerten (Mustela soxontm).—This animal is die-, 
tributod throughout Europe. Its under fur is blnish-whHe, { 
with the top hairs a dark brown; its throat a pure whi^ by^j 
which it is generally distinguished. Tho French excel in the ‘ 
art of dyeing this fur, and for that reason it is frequently sold 
under tho name of French sable. • # 

^he .Twrttur-Sable (Mustela >Sihertca).--Thi8 little a nima l is 
oanght in tho northern parts of Bussia and Siberia. The far is 
bright yellow, the colour being remarkably uniform all over the 
body. Tho skin is used both in its natured state and dyed; the 
tail is employed for artists' penofla. In 1856 wo imported as 
many as 70,000 skins of this animal. * 

The Woodshock, or Pehau (Mustela Canadensis ),—^Tho pekan 
IdliaBltS North* America, and is also oollod Hudson's Bay 
Sable. As the natural colour of thia akin ia mnoh lighter 
riian the prevailing taste, it is dyed of a darker hne. Thus 
treated, it is scarcely inferior to the Bnwian tfptble, which it 
is intended to imitate. We import onmu^ awnt 18,000 of 
these skina. 
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BUILDINa CONSTRUCTION.—IL 

SCALES. 

It bmi Freddy .been eiid that block plans, elerationa, etc., 
are drawings which show the whole property, building, or 
machine, and that working drawings are executed of a liwger, 
io fact, sometimes of the size of each portion, so os to guide 
the workman. 

Now it wiU be clearly understood that although the drawing 
may bo mnoh smaller ihun the object it represents, it must, for 
any Useful purpose, have all its parts in proper proportion; and 
not only this, but the drawing inu-st be made in such a manner 
that it may at onoo bo evident what the true eize would bo. 
'lias is .called tlie “ scale.” 

TO CONSTKOCT A PLAIN SCALE. 

Let it ho recluired to construct a scale of 1 inch to the foot. 
This has been taken for tbe first cxamplo, owing to its great 
gimpHcity ; fur it will be at once understood that a Vi4nch rule 
will represent 12 fret, anil thcruforc the drawing executed on 
this sealo will bo oae-twrljth of the real size. This is culled 
the reiresenlatire fraction, ilraw a line of any length, and 
nmi'lv on it several inches. Murk the left-hand end of the lino 
0, the iirst siioce 1, and so on. This, however, only gives feel ; 
it is nccessai'y, thetoforo, io divide the inches into twelfths,* 
and then each twelfth will represent an inch of the real 
measurement. It will be obvious that the same principle will 
apply to the construction of Bcalos, whatovor the roprosentative 
froetiou may bo; thus— 

TO CONSTKOCT A HCALS OV 

that is, one of <me-ler\lh of an inch to the f.:iot; because there 
are 10 tenths in an inch, and 12 inclios in a foot. Draw a 
lino of indefinite length, and mark oil on it any number of 
tonllis of an inch; these will represent feet: It is nut nccos- 
-sary to figure every division, nor to cany thorn beyond 10 
feet in single feet; after tliat they may bo marked in 5-foot 
loiigths. 

Of course, on suck a small soale soparato inches would not 
be rsrjuirod; it is only necessary, therefore, to divide oiio of 
the teutlis into four parts, each of which v.ill represent three 
inches. The detail would then bo drawn on a larger scale, as 
ulroiuly explained. 

UENiniAL I’BINCIPLES OE BUILDING CONSTBUCTIOK. 

The term fonstrwlion, as applied in practical art, is generally 
uadurstoud to mean fahrieaUon rather than /oj*ni, its object 
being tlio adaptation of snob materials as are most fitted for 
the purpose intended, and the aad; of the constnictor being 
devoted to combining them so os to onsaro permanency and 
stability. 

If an upright wall be proporlj; constructed upon a snfilcicnt 
fonndaticn, the combined mass will retain its position, and bear 
pressure in the direr,'i/m of gravity to any extent that the 
ground on which it stands and the comimuont materials of the 
' wall cun sustaiji. The aim of the constructor then must bo, 
first, Vi Hoenro a firm basis on which the fabric is to rest, and 
'secondly, so to dispose his strncturo, and so to combine all the 
pm'ts, that the -whole pressure may act in the required direc¬ 
tion : for instance, when a building is to be roofed, the rafters, 
if butting merely on the to)) of the walls and meeting at the 
ridge, would of course be liable to press the wall outward. The 
constrnctcT, tlicruforc, designs a “truss” in a manner beat 
adapted 'to the irarticnlar uvse. A truss crnisista, in the first 
place, of a tie-boam, which is a strong piece of timber. The 
lower enjis of the rafters sire mortised in'to 'this, and their upper 
ends are inserted into the to)) of an upright piece oallod a 
“ king-post,” whioh, acting as a keystone of an arch, keeps the 
rafters in their places; whilst their lower ends, being inserted 
, into the tie-beam, cannot spread outward. A firm triangrnlar 
assemblage of timbers is tttM formed, and when this is raised 
to its place on the walls, tiiere is not any pressure outward, the 
entire weight bearing vortieaily, that is, in the direction in 
which the wall is beet caleulated to beer it; and should the 
design of the building not permit of tiie introduction of the tie- 
)>eam, the oonstruotor appUes buttresses outside the waUs, to 

* to divide a Hoe into any wusbar of eqiud ports, sse ' Lessons on 
Ifimetlonl Geometry,'' page 04. 


enable them to resist tim thrust caused by the weight of the 
roof. The nammrbus -wi^s in whioh soieatifio oonstruotion is 
praotioaJly applied in bnildiug, -will be exemplified according to 
tile requiremants the different materials treated of in the 
following iioges; and we will proceed, in the first plaoe, to 
speak of 

TOUNDATIOMS. 

By the term foundaUon is meant— . 

1. The Burfaco or bed ai earth on which a building rests; 
and 

2. The manner in which the lower portions of the building 
are constructed so as to afford the best possible bearing for the 
saporstructure. 

Foundalions are spoken of as (1) natural and (2) artificial. 

Although both these terms seem self-explanatory, it is still 
deemed advisable to refer briefly to their exact signification in 
accordance with the principle adopted in this series of papers; 
VIZ., not to assuino any previous knowledge; and although this 
plan may bo open to the objection that information may bo 
supplied which many students have already acquired, yet this 
is by far safer than that any one wbo may be-totally ouleamcd 
on tlie Rnbjoct should seek mformatioa in those i>agos and bo 
disaiipointod. 

A natural fouriilation, then, m such as will bo found where the 
site is underlaid by a solid rock, or any kind of incompressible, 
resisting snbatanccs, free from water. Of Courso this must 
tlniiond entirely on the locality ; and it mnst bo borne in mind 
that it is not so impdt-tant that the ground should bo per- 
footly rocky and bard, as that it should be compact and of 
similar consistonon throughout; it is not so necessary that it 
should bo absolutely unyicWiii/as that it should yield ci/uaUj^ 
thronghout. 

Artificial foundations aro such as are conetmeieil so as to 
render the ground, which is too soft to boar tho building, fitted 
for tho purpose required. Of course tho moans mloptcd must 
depend on tho situation, the nature of the soil, tho cliuinctor or 
purpose of the building, etc,; and some of -Uio methods mostly 
used will bo hero described and illastratcd. 

Lad foundations hivvo boon tho cause of tho min of many 
modern buildings. 'Ibis has arisen from the costly natnro of 
tho work in making good tho site, when tho soil is not naturally 
snitablo. But it is clear that tho saving of the first cxi>cnso is 
an unwise ocoriomy, as -the entire stahili-ty of tlio snporstmoture 
neoossarily doponds on tlio fii'niness of tlio foundaiioii. 

The first process in connection with laying tho foandatioiis is 
sinking tho trenehoa in whioh tlio bases of tho walls, etc., aro to 
rest, and in digging ont tho hollows for cellars, etc. Tliis is 
called tho ercai-alim. 

If tho snrfaco bo found to bo perfectly I'ocky, or to consist of 
a gravelly soil ombedded with stone, it becomes a good natural 
foundation when it has boon rodiuicd to a level. If tho soil 
prove gonerally firm, tho looser parts, if not very deep, may bo 
dug up nutil a solid bod bo reached, and tho hollow may then ho 
filled up with broken stonos and concroto; if tho soil bo not 
very loose, it may bo modo good by ramming inio it largo 
stones, closely packed together, or dry brick rubbish widely 
spread; but it the ground bo very bod, it mnst be piled and 
planked, or covered with a bed of cqncrcite, according to tho 
circumstances. 

In a building to be erected on a slaating site, tho foundation 
mnst rise -with the inclination of tho ground, which must be 
“ benched ont ”—that is, cut into a series of broad steps'; this 
will onsaro a firm bed for tho oourees, and provont thorn from 
sliding, as they would be likely to do if built on an inclined 
piano. 

Wlion a good hard foundation is easily accessible, as solid 
gravel, chalk, or rock, we have nothii^ to do bat -to excavate 
the surface monld to the sound bottom, and bnild at once, first 
putting in the “footings,” which are one or more courses form- 
, ing a sort -of steps, eimh projecting a little beyond the ether. 
These footings will be referred -to and illustrated further on. 
On }iai;d ground, one oourse of masonry, about half os wide 
again as ihe wall, is ample, but of coarse this must depend on 
t^ discretion of the arohitMt. The role, however, which most 
always guide the bnilder, is that the broader the base the safer 
the oonstmotian, and thc^ore the softer the groond, the wider 
it will be necessary to spread &e foundation f and thna on 
i softer ground, in many oases, footings hare bsen employed 
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•xte&disf xkot double the width of the wall, but aTen 

mote. 

But the invention, or rather the re-intraduotion of oonorete, 
hag'altered much of the syetem forraerly adopted. When the 
ground ie a deep olay, the building material, be it what it may, 
should go BO deep m not to bo influonoed by ohangos of tom- 
petaturo or the tieiiig or falling of eptiaga, as 'the alternate 
shrinking or dwelling of the ground must aSeot the stability of 
the building. It lias been gatisfaetordy proved that in this 
country frost seldom penetrates ^byond a foot into the ground, 
but in clayey soils, craoks and fissures, caused by the drying of 
the ground, frecinontly extend to the depth of two or three foot. 
Under such oircumatanccs the bases of the foundation should bo 
below such level. If the ground bo springy, it slioidd bo 
drained, if possible; if not, a foundation must bo laid with 
concrete as low os the lowest level of the wi'.ter, or, if very deep 
and boggy, pilea must bo used. The plan of building on Eleopcrs 
or planking has now boon almost entirely discarded; for experi¬ 
ence hns shown that timber, where exiKOSctl to alternations of 
wet and dry, soon rots, and is liable to bu crushed, thus allow¬ 
ing the walls to sink. AVhoro the ground is wot at one thmi 
and dry at another, the best timber soon decays, ami therefore 
piles used in supporting buildings should, ■wLorn possible, bo so 
placed as not 'to bo liable to sueh alternaiiouii. 

The nso of concrete, except under very peculiar cironitislanccs, 
h'ls entirely superseded all other snbstaneo.s used in artificial cr 
semi-arl ificial foundations. Concrete may bo slofincd us a sort 
of rough masom-y, composed of broken pieces ef stone or gravel, 
not lnid by heiid, but tlironn at faialom into the tronehes, 
comeiib'd t'>getliei 'with lime in various ways, and thoroughly 
anived with it before it is thrown in. , 

In Kng’and, the Ihno is geece.dly ground, and mixed, when 
hot, with the stones, in j'V.ince, however, the limn is fir.sl mado 
inti) a paste, and the inirtni-o is called hi'ttin. lii'lon has b>‘eii 
much used in foundations of l)reakwTi.tcrs, bridges, etc., ns it 
h.is the property of liiirdeT.ing under w.ali'r. The nso of 
this compo-sition is of very unolent date, u'ld many examples 
of its nso by tho lietnani s.'.ill rcmiiin to ns on the coa.st 
of Italy; H is supposed to bo tho “ Signinnm opus” men¬ 
tioned by Vitruvius.i It was in very e.iinraon nso in the 
Middle Ages, ';vulls, and ci'ea ar dii'S, Inavi'-)'; been frequently 
nuido of it. Sineatonf elates thiit he w. 'i indnc''d to nso 
it from ]»is observ.'itiou of the mins <'<' Oorfo Castle,J in 
Uorsediire. 

Uanec, tho arehitcet ’of Newgale lVis<.n, employed .a sort of 
oonoreto in rebuilding tliafc structure in 177(1-78. 'I'lio sit>; of 
part of tho now bnilding was a doop boy, and it wa.s re;jil' rc.l 
availahlo by shooting a quantity of broken bricks into tlio hole.s, 
mixed with oeeasional loads of mortar, in proportion of 4 to 
1, and suffering them to find their bed. 


•Vitruvius, Miircua, a cotehrnted Itcmii.'i ureliitect, who w:i.s horn 
about eighty yejirs n.c, lie received a lihorul education, and jnirsiicd 
those studies wiuel. were calcnlatod to fit him for tho profohsioii of 
an eu'dnoer and architect, and was cncni^eil iu tho ICnntun army as 
siil)eiin(cj(1eut of military engines. He wrolo a work called “J)o 
Arehitoctura," iu ten hauls, treatiug of tho dlffcreut brauelles of 
arohltcctiiru and civil cngineeisug. 

t tamoaton, John, an eiaiuuiit civil engineer, was born at Ansthorpe, 
near Loads, in IT-t, and early showid a haiit towards njcehaiiiral 
pnrsnlls. In'inS, au event occurred which was to alTuril him tho 
opportunity of reaching tho very suinniit of his profession. Xho 
Bocoud wooden lighthouso which had been orectod on lilddystouo rock 
(which is oua of a group of rocks daily submerged by tlio lido, 
Bttuated in the English Channel, nine miles off the Cornish coast) was 
destroyed hy fire. Xho speedy rc-erection of anothor beacon was of 
the utmost importance, and the cxocnlion of tho work was entrusted 
to Smciiton. The now lighthouse was built of stono. Xho oidtiug of 
the rook for tho funudutiou commenced in 17.^f:; the building was 
executed between June, 1757, and Oatobec, 1751'} and the lautein 
lighted on the 10th of October of that year. This work, tho greatest of 
its kind hitherto undertaken, remains to this day a stable monument 
of Smeaton'a engineering skill. 

$ This eostle stands in the middlo of a village, to which it gives its 
name. In the vicinity are stone and marble qiianies, clay works, and 
potteriea Xbe castlo was founded in the tenth oontuiy, and was long 
one of the strongest fortresses in tho kingdom. Hare King Edward 
tho Hartyr was murdered by his mother, Elfrida, about a.d. 080; and 
Xing Jobn, during Ms disputes with the borom, kept; his regalia hero 
for safety. Here also, iu 1643, Isidy Bunkaa delraded the castle for 
six weskB agatuat Caaorles 'I. It was dismaatlad hy JUxtaz lx 1645, 


Any hard subBtanoe, broken into small pieces, will serve for 
the solid part of concrete. That must used is gravel or ballast. 
This should not be sifted too fine, as the sand which is left will 
mix with the lime, and form a sort tif mortar, and so' assist to 
cement the stones together. If broken stones or masons’ ohijis 
are usod, it is well to mix some shar]> sand with thw. oSo 
general rule is, that no piece should exceed a hen’s egg in size. 
In this country, the lime is generally ground, and used hot. B; 
is mixod with the ballast by scattering it among-it the stones, 
und turning them over with a shovel, water being at the same 
time thrown upon the mass. , It is then immediately filled into 
tho trenches. 'This has sometimes been done by shouting it 
from stagos erected for the purpose. This practice has, how¬ 
ever, been much und justly censured by the greatest engineers; 
tho ])roper method being to put the concrete down in layers of 
about one foot in thickness, to level each course, and ram it 
well down. In support of this pl.an wo may quote tho words of 
Mr. George BurtK!!!, C.E. (mi limes, ccnciotes, and cements): 
’• In almost every work upon tho art of coustruetion wo meet 
with descriptions of modos of making coiicrcto. It is, ho-wever, 
very discouraging to observe thal, iu ajiito of all that maybe 
said, tho miiiority of architects and ongiiieors treat tho matter 
with such ntt.cr indilleronoc that tho old imperfect systems are 
still retained, and tho condiiet of these works is loft almost 
invariably to some rulo-of-tluunh workiiian, who only knows 
that he lias been accustomed to mal.o concrete in a certain 
iiianner, without kninvieg ai'.y <iic (f tl;e piiiiciplos ■which 
regulate the ai-timi if the inatci.a.lrt he -w.'rhs with. Wo thua 
find that tho bulk of the ct.m-rt t..' lua-ie in r.nd near London, 
whore tho building art oiiu'it to lie tlie m ist udiajiced, is mode 
simply by turning over tho ground stone-limo, a vo’j midoratcly 
liydraulio one, h.v tho way.* cniongi-t the fi'a.'ol. H is then 
put into harrows iied shot do'wii fioiii a Such a inudo of 

prooeeding is r.i’iid an 1 econotnical, hut it is ciuirciitly nn- 
scict.tilic, ioadiiig, douhtles-dy, to (lie v,a‘ic (f material wo sc 
often v.iliii's 1 ; lor the iTaotaco ii to n.'d o tho ci ucroto about 
ono-thinl thicker than would ho f t all; ci -ury if the pi'ocoss 
of making it wore more pei-fccr. ]i i-ini.ot ho too often 
repeated, that (,ho fii-st conilitiou ucc '-r.iy t.) obtain a good 
coiicri te or tic’/uii, is that tho hmo siiouM l.e hronghl to tho 
st.itc f'X a porfc-'t hydralo.t before being ii.Lxodwith -the nucldt 
wliich it is to sui round. It should, there,*'orc, be icdnced to tho 
stafo of a thick pail(>, and made into a mortar, befi.re it is 
mingled with tlie gravel. I'esteiid of being thrown down from a 
hi'ight, and left to aiiauge it..elf as it be. t riny, it phould be 
■wheeled in on a level, and beaten with a rfimnicr; for wo find 
that when thrown thus from a height tlie mateiials Separate, 
and tho bottom iiarts of a thick bod of coii'Tote aie without tho 
liroper projiortioii of limo. Tho ailvantage of making the lime 
into mortar previously, is that it fills iu a much more perfect 
maimer tho intervals of the fpravcl or stmics, and, in fact, 
renders tho conercto what it i.s mee.iit to bo, an iniporfoct species 
of ruhhlo masonry.” 

Where tho soil consists oi rmining sand or soft clay, the area 
of tho I'onndalion must bo enclosed by sheet piling. Thi.s con- 
bi.sts of piles driven chi.sii to cueh ether, so us to form a wall 
wliieh encloses tho soil, .and jirevents tho sfiltcr pf.ntion from 
spi'tsading out under tho superhicunibciit weight of thi- huildiug. 
Sometimes as much as possible of tho soft matter is removed 
and replaced by hi'lon, or oonrrcto, tho heads of the pih'S sawn 
off level, and a kind of woodiei iilatl'orm Vjiiilt ou this support. 
In other caves piles may lie diivoii iu at eertaiii distances apart 
over the entire area enclosed by tha sheet piling, tho spaoes 
butwoen these jiilca being fillod in with stones or cencreto, atid 
u solid flooring coiistrnctcd on this foundation. 

It may l.-o roiaarkod tliat conorelo is row used in^making the 
walls cf buildings as w'cU as their foniidatioiis, tho walla being 
r.aivud about one or two foot at a time by throwing coiieroto 
into a fmino-work or box fotmeil of iron platos, which is raised 
from time to time as often as i.s noeesaary until the wall has 
been built up to tho height required. 


* Jliidraulie lime is such os possesses tha quality of settia^ or 
haritening nudor water. 

t Biiilmlea nro substances in which a definite quantity of wat/'r is 
oheinl^lly combined with a dofisite quantity of somo other luji- 
stitnmt. 

t phirat of niirrciis, s Bnbstonoe, however email, which forms 

a ocatre uronud uhich other aiutten gathob 
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THE TECHNICAL EDHOATOB. 


PEOJECTION.—III. 

FBOJECTIOK OT FBIBUS—a£mOH& 

A PBisv i^Midy been defined to be a eolid whose opposite 
ends are eqnal and similar plane figures, and whose sides nniting 
the ends are paraUelograms. It will be clear, then, that the 
lessons preTioosly given are but stepping-stones to the present, 
and we can therefore at onoe proceed to 

PBOJBCTIOK OK FBIBUS. 

To Project a Square Prism ,—Width of side i inch, length li 


olined, the plan, which was previously a pcnsii, becomes a line, 
the length ol which increases aathe ebject approaches the hwi* 
sontal. (See Fig. 4.) 

But althouf^ the position of the lines is altered, as &tr as 
their relation to the horizontal plane is concerned, they still 
remain parallel to the vertical plane; and if the eye were 
placed immediately over the object, the widths across from the 
front to the back would be seen to be the some throu^out the 
motion. Therefore, from the angles of the plan of Fig. 21 draw 
hoiazontal lines, which wilf give the widths of the two upper 


(or 1*5) inch. The 
prism is in this les¬ 
son placed so that 
its luds is vertical, 
and its long faces 
axe at 45° to the 
vertical plane. 

Draw the square. 
Fig. 21, wliich is the 
plu of the prism, 
its Bides being at 
45° to the inter¬ 
secting line; per- 
pendionlars drawn 
from the angles 
will give tile ^gos 
of &e elevatian, 
which ore to be 
terminated by an 
homontol lino at 
It inch from the 

Fig. 22.—^It is 
now required to 
draw the elevation 
and plan when the 
axis, although re¬ 



\Z 

Fig. 21. 




Fig. 28 


Fig. 26. 


maining parallel to the vertical, is at 35° to the horizontsl plane. 

Now it*v^ be evident that as fax as the olovation is oon- 
oemed, it will mmely be altered ih ponfton, not in form, which 
change is effected by allowing tiie object to reet on one angle of 
the base, and continuing the motion until one edge of the eleva¬ 
tion (tile edges being pumllel to the axis) is at 35° tb the hori- 
Bontiti plane. It w^ therefore only be necessary to copy the 
previous elevation, inclining it at the required angle. This 
motion, however, whilst cansing so alight an alteration in the 
olovation, causes an entire change in the plan; for whilst in the 
first position the plans of the edgM were mere points (see Fig. 1), 
which united form the base, the s<}nare of the top being imme¬ 
diately over tiiis, as in a line placed vertically, tiie upper exire- 
aity is diieotly over the lower t M tiw XBoasent the line is in¬ 


sides ; thetwonnder 
them, being the 
same, will be hid¬ 
den by thorn. The 
length of the dia¬ 
gonal of the top 
and bottom, which 
is at right angles to 
tho vertical plane, 
thus remains unal¬ 
tered, but the dia¬ 
gonal which is in¬ 
clined will neces¬ 
sarily beoomeshorti 
ened. This will be 
L seen in continuing 
~ the prqjection rf 
the plan. Drawper- 
pen^Cttlarsfiromthe 
two eztrrauties of 
the line whiebiB the 
edge elevation tk 
tiie end, to out the 
middle line of tiie 
three horisontale 
previously drawn in 
the lower plane. From the middle point of the edge elevation 
(hen draw a perpendicular which cut the two outer hoti- 
Bontal lines, and thus four points will be obtained, and these 
united will give the Uemge, which is the plan of the square and 
when inclined. (Befer to Fig. 14.) The lower and of (he prism 
will be obtained in a similar manner. 

Fig. 23.—^It is now required that the ohjeot shall be rotated 
on its sefiid angle, so that the azis shall be at a eompownd angle 
—that is, it ahidl not only be obliquely placed in relation to (he 
horisontij, but to the vertisal pla^ This operation haa been 
thown in Fig. 5, and it is therefore o^ necessary to remind (he 
student that, so long as the inclination of a Um in relation to 
the harisontal plaae is not altend, no change bnt tiiat of post- 
tMM will ooenr in the plaa ; lee. howevsg the ekgeet may 
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b« rotated, horiffmtally, tiie length of the apaoe it oT^umga 
win not be extended, nor will the heighta of aa^of the points bo 
altered; and this Imowledge is Uie key to the prelection of 

Fig. as. 

Place the plan of Fig. 22 so that its axis and the edges 
parallel to it are at 45° to the-intersecting Une, then from each 
point in the plan raise prapendioalara, and intersect them by 
horizontals drawn from ^ corresponding angles in the eleva¬ 
tion of Fig. 22. Join the points so obtained, and the reanlt will 
be the form shown in the npper projection of Fig. 23. 


Fig. 28. 
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to that of the seotion-line, and the width, a c, aa in the last 
figrore. 

In Fig. 28 the section-plane passos from a line ooaneoirag 
the middle points of two adiooent edges of the top, to a shnilax 
line on the two opposite edges of the base. Tlie width of the 
section at its middle will be equal to the diagonal a e, and at the 
top and bottom it will bo equal to g h. It is usotd to oorer 
sectionB with Unes at 45° to their central lino. 

Fig. 27 is tho plan and elevation of a sqnoro prism, similar to 
that which formed the anbjeot of the last exercise. Kow if this . 

bo modo of wood, 
and cut ao that the 
Bootion pasBos 
through tho axis at 
45°, and a pin, e, be 
fixed in the centro 
of the oeotion, at 
right angles to its 
surface, the npper 
portion may be ro¬ 
tated on the pin, so 
that the short Hno 
(a) will move to h, 
and be at rigM 
angles to it, and 
the object will be 
represented by the 
elevation and plan 
in Fig. 28. 

Fig. 29 is tho de¬ 
velopment, which 
will show how a 
metal plate may bo 
out without waste, 
so as to make a 
square pipo to turn 
a comer, or form 



SECTIONS. 

Fig. 24 is tho 
plan and elevation 
of the square prism 
forming the subject 
of the lost eVerciee. 
It is required to find 
the true shape of a 
section or catting, 
caused by a plane 
passing through tho 
prism in the direc¬ 
tion of the line a d. 
Thiz plane of seo- 
tion would cut 
through -ttie dia¬ 
gonal a eof the top, 
and.the angle dof 
the bottom. Draw 
the dotted lines a e 
and d d' at right 
angles to the line of 
seal ion, and at any 
part draw d' e pa¬ 
rallel to a d. Now 
it will be evident 
that ihia will be 



the greateat length of the section, and that the width wiS be 
tomewhtre on each aide of e; but where F How wide will the 
aeotion be ? These "are questions which the student will do 
well to aak himself. 

Now it ia olear that in luissing through a e, the aeotion-Iine 
ante the object in the widest part; therefore, if the eye be 
carried down from a in the elevation to a e in the plan, it -will 
be seen that the real width on each aide <d the centre e is -e a 
and « e; therefore, if these lengtes be sot oft on each side of e in 
the seotion-line, and the points joined to d', then a c d^ win Ite 
the tme seotioB. 

In Fig. 25 the seotion-plane passes from one angle of the 
lop ts the opposite angle of the bottom, entfUng tlmngh the 
teiddla of the two edges. The length ef oonree he eqnel 


an elbow. The tmo section is sho-wn in Fig. SO, its length 
being equal to de, and its width tofg. 

Fig. 31 shows tho plan and elevation of a pieoe of a square 
wooden pipo, when the plane of the section, instead of passing 
from angle to angle, aa in the last figure, pasees from side to 
side, so teat tee section will be a recbmgle, tee length of which 
win be equal to c d, and tee width to ef, instead at a lozenge 
form, as in tee former case. 

Here, too, tee upper portion may be rotated on a centre, so 
as to join in a right angle. 

Fig. 32 is a projection of the object when plaoed at an angle 
to tee vertiaal plane. 

Fig. 83 is tee development, with the ehape of the section 
etlacbed. It will be seen teat teia fem will give both parte ef 
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tbe objwt, the onty differenoe being tb»t in the portion formed 
by ihe fine lines the joint or seam will be in one of the edges at 
the back, whilst in theKother it will be in the/rent. 

Fig. 84 shows bow this form is applied in oonstmoting a 
common eheetdron ooabsonttlo, the lid being the covering of 
the section. ._ 

TECHNICAL EDUCATJON ON THE 
CONTINENT.—[I. 

BT 'ai,US A. DAVIDBOB. 

TECHltlCAL EDUCATION GENERALLY (oonKwMd). 

In order, however, fully to appreciate the sohools for tbo various 
dlasaes of society existing on tho Continent, wo must carry our 
examination into onr own dofioioncy still farther. Lot us, there¬ 
fore, take the case of a young gontloman who is to be an 
engineer, and who is placed for a few years in “tho works.” 
He has hod the bonofit of what is called a good education in a 
privato school, or, perhaps, iu oiio of our public sominarios. 
Ho has spent many hours on olossios, has gone through the 
usual sohool coui-so of mathematics; he has jjorhaps loamt 
ohomistry and mechanics from books; hi.s powers of drawing 
have been cultivated to tho ostont of manufacturing “ Views on 
tho Ilhino,” “ Ii.uummI Castles by mooiiligbt ” (tho only true 
ports of which are tho ruin and tho moon shine of such n 
system), and a few aha<led .hoods. These look wcdl to Lake 
homo, when mounted, etc., by the drawing-mahter. In a few 
iustauoes ho nuty have drawn a stuam-ongino from a copy, 
without knowing anything of its action. 

Again, dx^awiiig being in many suliools treated as .an extra, 
taught on tho half-liolidoys, the pupils attend instead of enjoy¬ 
ing their froodum, and thclossoji is inoroly thonghlof as another 
form of amusement. 'The studies of I'raotieal Geometry, projec¬ 
tion, Moohanioai Lrawing jiroper, and I’crspeotivo aro ignored, 
whilst ilio toucber.s are uio.st1y artists, incompetent to give the 
instruotiuTi a lueliTiieal tondenoy. 

Chemistry and Practical MneJuiuies are seaTcely bettor tanght, 
for it may safely bo assorted Uiat a proper laboratory and a eol- 
leotion of working models of machinery, or parts of tlicm, form 
friatuTos in hut few of our puhlio or private sohools ; and it is 
Mourooly neeessavy to point out that, unless tlio pnial receives 
t his chemistry lessons in the laboratory, and is aliowod to work 
I out experiments there, tho time spout in book-learning is almost 
* wasted. 

The instruction our lads receive’ in architcetnral drawing 
whilst at school is, os a rule, of a similarly unpractical character, 
tho highest achievoincnt being a measured drawing, copied from 
an elevation or plan, without the slightest knowledge of the 
scientific principles of building (umstraction, or of the method 
by which the elevations or sections are projected from given 
data. 

On entering the ofBoo of on ai'ehitoet or oivil engineer, tho 
youth has to attend U> various olfim duties—to niako tracings, 
«to., and to get a knowledge of his prt.fession in tho best way ho 
oau; fur it must bo remembered that iu a place where all aro 
«Sgag4d iu their business, it is not any one's especial duty to 
teach him, though it must bo said that tho clerks and draughts- 
men ere always most willing to impart such instruction ns they 
ace able to give; bnt their oompctoncy, like their time, is 
liflaitad, eo that onr embryo Hreliiteut, like the young artisan 
whoee progress has boon sketched, grows np to repeat wliat has 
been done by others, not daring to invent, being by very virtue 
of hie education (or rather the want of it) wholly deficient of 
the materials uecesss^ for invention, and of the scientific 
principles whioh should guide him iu dcsiguing. 

Happily, these remarks do not apply to all our sohools, 
but the few which form exceptions only sei-ve by their very 
brilliancy to show the prevailing deficiency. 

The evening classes for ecienoe which have been established 
under the cnsineea of the Department of Science and Art, aro 
doing a groat and useful work in ofTering to young men Bound 
inatruotion by properly oertiBoated teachers; but it is ecarcely 
■tbo purpose of such ehissoe to toaob"tbe elomontory portions of 
ihe VBfions subjects. These should form a part of ihe work of 
prinary schools for 'all claesus of eooiety, and the smeiroe 
jdroola should take up the studiee at a higher eta^, when the 
more advanced in ysacii and with intellect inynoved by 


pievioua braining, feelmg in their deily avqpatione the nee of 
tile olomenterty ^uoation they have received and the neoesaity 
for extended knowledge, enter into the lessons witii earnest- 
nose and appreoiation. Whereas, to adults totally uninitiated, 
the nooesaaty ruggedness of the first few steps of tiie road 
to learning, however much the taot and power of akdavor 
teacher may enable him to amoothen it, is still irksome in 
some cases, causing many to droop by the way and to discon¬ 
tinue their attendance. 

On the Continent, under tho hoods of “ Gewerbsohnlen,” 
“ Beal Sohulen,” and “ fioolos Polytcohnique,” institutions tor 
practical studies have been in operation for many years past; 
and it is proposed iu theso papers to give a detailed account 
of tho systems pursued, and the results attained in a number of 
those schools as obtained from tho most authentic sources, in 
tho hope that some hints may ho taken from the information 
given, whioh may ho applied in tho promulgation and manage¬ 
ment of simUar schools in this country. 

The numerous seta of works executed in the various technical 
sehouls of I’ranoe and Germany, which wore shown in tho Paris 
International Exhibition in 18G7, prove tho groat value attached 
to Rcicntifio drawing; and it is intended in these papers to give 
a general aceount of theso, reserving tho practical working out 
of them for the lesnona in “ Toulinieal Drawing.” 

In tho schools refen-cd to llio studios aro, as their names 
imply, of a real and practical character. Students learn not 
only how to make a drawing of a niacliinc, bat to make tho 
working drawings froi^ which a nnn-hine may he constructod, 
and in many coses to make tho tbiccls from tiic dniwings. 

This must tciid to show the put ils tho iin})ortanoo of accurato 
moasammont and correct doUneniion. They learn not only that 
tho drawings must be exact, or they enuld not bo worked from: 
but in inrnirg or putting togeiher the Viirions jKirt-!, they do so 
witli more readiness fr.om having studied llio construction on 
paper. 

Tim various moilcla, ol,-., uscil in th(s Oontinontal a(jhoolM 
will bo referred to as tlK'.m jiapers proceed. Tho leading 
sots of studies show nn excellent mode of oombining Hoveral 
eU'Tiiontary manual proecsses with seientific juntruetion, and 
so avoiding a diiiiculty often cxperieueeii in instructing persons 
whoso minds aro in advance of their hands, who can “think 
out” a subject, but who cannot execute it. Many praotical 
teachers will have observed tho dilHdeneo with wHich a student, 
who has been allowed to continue his geometrical drawing in 
pencil for a long iienod, oomiimnei's to work iu ink, and to 
Imvo a drawing soicntifically correct siioiled by tho tinting, 
either with tho draw-pon or with tho brush. 

Tho system pursued in tho Austrian schools seems caloulated 
to ovcrcorno tho manual diilicnJtics contemporaneously with tho 
elementary scientlfio instruction. When the geometrical figures 
Lavo iteen correctly executed with tho ]iPnoil, they aro from 
the first lessons inked, great neatness of line and accuracy of 
intersection being insisted Ojion j they aro then Solonrod with 
fiat-waslics, or sectioned over variously with tho pen, the 
inscribed and containing figures being tinted with eomplomen- 
tniy coloiu's. Whore parts of e.ireles novcv each other, oooh 
circle is oolonrcd with a jirimary, so that tho )nirt overlappod 
becomes a secondary colour, etc. This system is thoroughly 
carried out, and thus ut the samo period the student is learning 
practical geometry, shading with tho pen, the use of the brush 
and elementary colouring; and thus, by tho llino ho roaches the 
studies of moclianioal or architoctaral coustracti<m, ho is able to 
draw and colour with tolorablo correctness. 

Iu those studios, loo, all tho shading is scientifically worked 
out, all the shadows of or on tho sphere are projected fin 
cu-olos, each circle separately according to position, and so 
aocarately that at but a shai't distance tho separate circles 
aro not observable, but a beautiful roundness of form is the 
result. 

Amongst tho exoelleut colleetion of scientlfio drawings ex¬ 
hibited in Paris in 18(17, was a set shown by tbo Industrial 
IJniott of the Grand Duohy of Hesse, which will be again re- 
forred to, being tiie works ^ pupils in schools for workmen of 
the dnehy. These works were the more valaable, as it was 
evident that they had not been specially executed for exhibition, 
bnt had been h^en from tiie daily etudies of the pnpils. Thoy 
: indiMite, as indeed do all the works of tiie Continental sohools, 

I an absolate oonnsotion between the soientifio and ortistie 
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•tttdiea, since (Jlthe soienoe stadeats seem to learn tree-liand 
and ottiamental drawing, shading, etc., as well as mechanical 
drawing. 

' The whole subject of teohnioal drawing, whilst it has been 
mnch neglected in this oonntry, has been thoroughly systom- 
atised on the Continent, and the foreign schools possess com¬ 
pletely organised sets of examples, combining the study of 
drawing with that of construction adapted to the various 
branohes, in which wo have hitherto been very do&ciont. It is 
hoped, however, that this want is now being gradually dimi¬ 
nished. The Technical Manuals, published by the proprietors 
of Ths P01U71.AH JUnitCATOK, and the Tcuhnicol Lessons given 
in these pages, are designed specially to remedy tbo ovil so long 
and so deeply felt; and it is encouraging to our English artisans 
to know timt in the oompilation of those the author has received 
and is daily receiving ossistanoo and tlio warmest ou-operation 
from the heads of the Continental schools, and from the Boyal 
Board of Workmen’s Schools of Wnrtemherg, etc. etc. 

Amongst the most important features in the systems of 
teaching in the Continental schools are tho excellent collections 
of models for toaoliing soiouce. The experience of all practical 
teachers tends to show that however good printed diagrams 
may be, no real conception of forms can be obtaimsd without 
the aid of solid models, for even ihtiugh tho pupils thoroughly 
understand tho diayram, the form there given is only snoh as 
would be oorn'ct iu one position, and it is sometimes impossible 
from that one view to form an neenrate idea of what shape may 
bo presentud by the smallest rotation,*deprcssion, or elevation 
of the object. In *Hia “ Projection" differs from •‘Perspec¬ 
tive,'’ tlio first rendering tlio object as it is, tho other as it 
appears; and in this the knowledge of the form and tho 
irnagiiiivtion generally t)ffer some assi.st.niee ; hut in Projection 
it is not so, ))oint by point has to bo ohtaiiie.d, which, whon 
united by lines, develop forms which to the student are often 
8nrpri."itig. Even if tho subject has liecn worked out on tho 
black board, and followed lino by lino by the stmlcute, they got 
tho diagram copied, but they do not receive a lesson such as 
might have boon given by the aid of a block or two of wood or 
a sheet of cardboard or tin. 

Tlio sots of models used on tho Continent for illustrating 
lectures on projootion, mechanism, building construction, etc., 
ore of infinite use to tho teacher. Some of them have already 
boon roprodbeed in this country, and it is intended to arrange 
for tho tirodnetiou of sets of models adapted to each branch of 
indnstry, and at a i^rioo which shall bring them within tho 
means of working men’s classes and schools. 

Iti the whole group of studies adapted for boJler-m:ikers, tin¬ 
plate workers, oto. ete., tho study of “ development ” is of tho 
utmost impurtanco—how the shape tho inotol is to bo cut when 
flat, so that whon rolled, folded, or bent, it may assume tho 
required form, may bo worked out on tho black board; but how 
muoh is tho value of tho lesson ^creased if a model, made of 
cardboard or some other matorim, bo used, so that it may bo 
first exhibited in its complete form, then flattened ont, and tho 
students shown how the result is obtained, llioy then work 
with confidence, for they know what they are working for, 
whilst if they only copy the linos as worked by the teiieher 
they ore in a degree in the dork until the whole is completed, 
and oven then the black board cannot bo bent or folded, so 
that after all they believe because they are told that tho form is 
Qorrect. 

Agkis, let it be required to teach a class of artisans to shape 
meM so as to form a pipe with two elbow-joints. These 
students will most likely have been acenstomed to out, file, and 
alter separato pieces of piping so as to got the joints at the 
angles, and it would bo diflioult to convince them that tho flat 
metal may at once be cut in properly constmetod curves, so that 
the parts on being rolled into a cylindrioal form will fit each 
other at tho required angles without any waste of metal or time; 
but if a cardboard model has been obtained and exhibited in 
the oonrse of the lesson, first complete, then tho two ends 
rotated until at the required angle, and finally the throe 
jarte opened ont to show the development of the snrfaoea 
and Seotions, the students will understand what they are 
about, will work with infinite ploasnre, and will be encouraged 
to tliink out similar developments adapted to their own trades. 

and nnmeroas nbjeote aam folly worked oot iu our leesons 
on “ FrojeotiaB." 


SEATS OP INDUSTRY.—L 

BIBUINOHAH. 

BT H. B. FOX BOOBBX, 

Amono the seats of modem industry, English and foreign, 
which in this serios of papers will be briefly described, Bir¬ 
mingham is fairly entitled to the first place. “ I sell here,” 
Matthew Boulton, Watt’s jjartnor in the manufacture of steam- 
engines, said to Boswell in 1776—“ I sell here, sir, what all tho 
world desires to have, power." And long before the steom- 
engino was invented, Biiiuinghom took tho load in the produc¬ 
tion of tho various tools by which other towns have been able 
to grow njt homos of special industries. 

Now the busiest hardware town in England, it is also, per¬ 
haps, the oldest. Tradition and local antiquities support the 
belief that it was a place ol note—“very eminent for most 
commoditios ma<lo of iron,” according to tbo historian Dngdale 
• oven before .Urituiu was a Koman province. Its priinitive 
inhabitauis may have made Boadiuea’s war-chariots, and spears 
for her warriors; at a7iy rate, they sot tho fashion of metal¬ 
working, whu'.h has thriven among their successors ovov since. 
"1 como through a preity street ns ever I oiitorod,” says lioland, 
tho quaint travolh r of Henry Vlll.’s reign, “into Birmingham 
town. There bo many smiths in the town, that nso to make 
knives and all manner of cutting tools, and many lorimcrs Hint 
make bits, and a greut many iioilurs, so that a great i>art of the. 
town is niaintainod by smiths, who have iron and coal out of 
f^taifurdslilrc.'’ Iron and coal out of .Staffordshire have noii- 
tinued to feed the staple trades of Birmingham, and by those 
trailes it has been mado more than a hnndrod limes a.s great os 
it was in Luland’a day. Its growth, however, has been rapid 
only in recent times. Two e.onturtos ago it had about 6,000 
inliabitants, and ninety years ago somo 50,000. At the time 
of tho lost census, iu 1861, the piqiulation numbered iiesirly 
300,000, and thoro oaimot now bo fewer than 350,000 persoim 
crowded i:.to au area little more Ilian two miles long and nearly 
as broad, and jno-t of them directly connected with tho groat 
hardware industries which, having their ccnlroa iu Birmingham 
itself, spread over all tho adjihiih g distriete and heJp to supply 
all tho world with steam-engines and pins, pens, guns, and a 
thtusilnd and one other articlp.s i f various sort and n.«e. 

Steam-engines rank first. Boulton said truly that in selling 
them ho sold power; and the now Jiowcr, that has ellVvitod n 
revolution in all mannfacliiriiig enterprise, has wrought a won¬ 
derful change in tho indiialrio.s of Bimingham. A hnndrrxl 
years ago, whon Boulton was a young man, tho town was fairly 
described by Burke as “ tho toy-shop of Europe.” In it swords, 
nails, and sober implomouts of many kinds wore made and sold; 
but it was o8))eoially famous for its production of trinkets and 
nioknocks. .Tohn 'I'aylor, then its richest and most influential 
manofaoturt'i, mado his fortune out of buttons, buckles, snulT- 
boxes, ornuinenlal clocks, and other fancy articles. Buriug 
somo years, iJ800 worth of buttons wero turned out of lu.'; 
workshop cveiy week, and one of his workmen earned twelve 
shillings a day by painting snuff-boxes for a fartiiiug p-piece: 
while Ills shop-sweepings, containing quioksilver and scrajis of 
gold, silver, and brass, were sold for 451,600 a year. Boulton 
carried on tho same sort of trade at Snow Hill, Ihcu tho centre 
of manufacturing energy in tho town, during some ycnr.s pre¬ 
vious to 1762, whon he transferred his Imriness to Soho, a 
miserable vidago two miles out of the town, where a water¬ 
mill had been set up, and he saw an opportunity of carrying on 
his old trade of toy-making with greater advantage. That he 
did, and Soho became famous for its mauufacluro of buckles, 
buttons, and wateh-clioins, oondlostioks, urns, ormoln wares, 
and the like. Ho made in it every variety of “ Brummagem 
goods,” trying always to redeem the town from, the ill refmto 
which then, oven more than now, it had by reason of tho 
trumpery articles which inferior and dishonest manufacturers 
produced, “The prejudioe tlint Birmingham hath so justly 
established against itself,” he said, ‘‘makes every fault oon- 
spicnoua in all articles that have tho least pretensions to taste. 
How can I expect the publio to countenance rnbbish from Soho 
while they can procure sound and perfect work from any other 
quarter ?” Boulton’s work was sonnd and perfect, and he 
mode’great profit ont of it before it was applied in a new and 
very notable way is 1774. In that jvtx bo entered into port- 
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neonliip vitb JamM Watt, whose invention of the eteam-engine 
had been lying idle dnring nine years for wont of a shrewd 
man of bashsesa to work oat the ideas of the brilliant man of 
genins. Hus is not the place for rehearsal of the memorable 
Bzplmtsof Boulton and Watt in manufacturing eteam-engines 
and oonvincing the world of their value. Bat the partnership 
and its results amst be noted as forming the obief episode in 
the industarial history of Birmingham. The first steam-engine 
was Btade at Soho in 1775. The Soho Foundry now covers an 
area of ten acres, and in it, prior to 1860, there had been mann- 
lootared 1,878 steam-engines, with a nominal horse-power of 
70,958, but able to do more actual work than could bo per¬ 
formed by 250,000 horses. Bearing the illustrions title of 
l^nlton and Watt until 1848, the firm oondncting this foundry 
is now known as James Watt and Co. In Soho and its neigh¬ 
bourhood other great ostabUshments for the oonstraution of 
stAam-engines have grown out of the good example of Matthow 
Boulton, “ the father of Birmingham,” who may also bo claimed 
as a foster-parent by every one of the hundred towns, in and 
out of England, whii^ find their profit in engine-making. 

The staple industries of Birmingham, however, are concomed 
rather wiiii the construction of metal and other goods by help 
of steam-engines than with the manufacture of steam-engines 
themselves. Among these brass manufactures are the moat 
important About 80,000 tons of copper aro consumed each 
year in all parts of the world. Of that quantity some 60,000 
tons ore procured in England, or brought into it, and nearly 
20,000 tons go to Birmingham, to be converted into brass by 
the addition of 11,000 or more tone of sine. The entire supply 
of copper and sine worked up in Birmingham, including old 
brass re-wrought in 1865, was nearly 40,000 tons, and its value 
oe raw material about .£2,400,000. There were 50 mannfoo- 
torers of brass and brass goods in the town in 1800. In 1835 
the number had risen to 160, and in 1865 to 216. In the latter 
year about 7,000 men and over 2,000 women were directly 
engaged in these trades. As they reqnire delicate manipnlation, 
and fnmisb good wages to ell who work at them, their import- 
anoo to the town is ver;' great. 

Another highly-paid c^ling, closely connected with brass- 
work, for which Birmingham is famous, is the gun-trade. The 
story goes that William III., soon after his accession, was com¬ 
plaining that England made no guns, and that he had to send 
all the way to Holland for them, when Sir Biehoid Nowdigato 
reminded him that “ the men of Birmingham were masters of 
all that skill and metal could do,” and showed him that their 
guns wore at any rate as good as any to bo proonrod abroad, 
iherenpon the local manufacturers were ordered to make 
weapons for the English soldiers, and the business bos been 
mai^y oorried on by their sueoessors ever since. Besides the 
great Oovemment taotorios, more than 600 employers ore oon- 
oemod in gun-making and kindred trades. Nearly 4,000 men 
and boys aro engaged in producing the materials, and rather 
more is sotting up and finishing them. Besides the weapons 
supplied for &e English troops, others—good, bad, and in- 
difikrent—ore made in great numbers for private customers at 
honu^ond foreigners of every nation. 

A more harmless trade oonnootod with brass manufacture, in 
which Birmingham excels, is pin-making. Pins used to bo mode 
antoh of, os illustrating the value of division of labour, the 
servioeB of fourteen persons bung required for the perfecting 
of a tingle pin.' Now, however, the whole work is done almost 
instantaneously by help of an ingenious machine invented in 
1824 by mi American named Wright. Dnring a single revolu¬ 
tion of awheel the requisite length of brass wire is cut off, 
pointed at one end, and provided with a head at the other, 
leaving nothing to be done but the whitening, which is effected 
by boiling in a copper vessel with tin and bitartrate of potash, 
On6 Birmingham house, that of 'Edelsten and Williams, turns 
three tons of brass wire into pins each week; osnd there are 
twenty other houses devoted to the same trade. 

Hiere ore also twenty steel-pen manufootorios, and most of 
them much larger than the pin-shops, in Birmingham. The 
growth of this trade iB remarkabte. -Kxty years ago a steel 
pen was a" curiosity, and, ehimsily shaped as it was, could 
Imidly be bonght for five sbillhigs. Ten years later the price 
waa aboat a billing; but befers then Jost^h Oillott had em- 
hszked la the busineas, and to hhn' and to Judah Mlson are 
xtuitit 4m the impsovsnienti iB tto aamitaotue. Steel pens 


soon came into favour, and tiieir increased use quickly cednoed 
the price. In 1865 the Birmingham makers prodneed ahant 
100,000 gross every week, and gave employment to neoriy 400 
men and boys and more than 2,000 women and girls. Bnliks 
pins, pens ore still produced by minute divisian of labaar. , 
Hiey pass through at least twelve prooesses, yet the wholesale 
value of the oommener sorts is often os low as three-halfpoaos 
a gross. 

Fins and pens will serve to show how, is Birmingham, the 
heaping of small things goes to make a great trade. The names 
of ^e trades, still justifying Burke’s epitiiet, “ the toy-shop of 
Europe,” are legion. Ot button-making alone there are still 
two or throe dozen varieties, altogether giving work to about 
180 employers and more tiuin 6,000 labourers. .The old gold 
and silver buttons that suited the foppery of lost century have 
gone out of fashion, but their places have been taken by cheaper 
and more convenient artioles. linen, silk, and velvet buttons, 
steel, brass, bone, glass, pearl, and wood, ore turned out by the 
million every week. Then there is a largo trade in gilt watch- 
keys and cheap jewellery of every sort, a larger trade in screws 
and noils, chisels and o^er tools, and one larger still in fenders 
and stoves, bedsteads and other ironmongery. 

One of the most interesting developments of the old ” toy " 
trades of Birmingham is the man^aoturo of eleotro-plaited 
goods. Silver-plating was introduced at Soho by Matthew 
Boulton more than a hundred years ago, and the rude chemistry 
of his day made it necessary for the ^ver coating upon copper 
to be very solid unless the artiole produced was in the oourae 
of a fow weeks to become good for nothing. The modem pro- 
oess of eleotro-plating was only adopted about forty years ago. 
In 1838 Messrs. Elkington were employed in coating military 
and other metal ornaments with gold and sliver in the old way, 
when they, or some chemists in their employ, conceived the 
plan of depositing costly metals on aheap ones by ntiUsing 
the decomposing powers of an oloctrio current. Out of thoir 
oxperimonta rosnlted tiio finished process for which their house 
is still famous. They have now more than fifty rivals in Bir¬ 
mingham, and the trade, also caniod on extensively in Sheffield 
and elsewhere, has beuomo an important branch of British 
industiy. Tltore is electro-plating in gold as well as in silver, 
and by it Birmingham is able to give cheap gratification to the 
vanity of young man and maidens too poor to buy good trinkets. 
An instance of oleotro-plating at its cheapest' and flimsiest 
appears in those miniature gilt lockuts, supplied with tolerable 
likonesses of the Prinoe and Princess of Wales, whiob a fow 
years ago were sold wholesale for a halfpeimy a-pieco. 

Birmingham has some trades, also, whioh are not oonoemod 
in metal-working. In papior-m&chA manufacture, started by 
Henry Clay, a native of the town, in 1772, it has had almost a 
monopoly over since; and it is famous for its dresaing-coaos and 
other products of leather-working, its tortoiseshell goods, and 
the like. Nearly every migith, it has been truly said, produces 
in Birmingham some now invention or some new trade. 

The old and the new industries combine to make tiie town 
wonderfully prosperous. “ The history/of every trade and every 
manufactory,” says Mr. Timmins, a competent local authorify, 
” is one of rapid growth. Beginning as a small master, often 
working in bis own house, with his wife and children to help 
him, the Birmingham workman has become a master, his trade 
bos extended, his buildings have inoreaaed. He hu used his 
house as a workshop, has annexed another, has built upon the 
garden or the yard, and oonsequently a large number of the 
manufactories ore most irregular in style. Whenever the busi- 
nose has overgrown its early home^ and it is neoessaryto remove 
or to rebuild, a better class of building is invariably odopl^. 
The worohouses, the workshops, and the offices enoted during 
the lost fow years, oil riiow not only great attention to pl^sieid 
wants and eanit^ laws, but generally some i^reoiatian of 
ornament and some love of Btrmingbom is, in faot-> 

Sheffield, perhaps, only excepted—the town of all otiiers where 
Booiol and personal freedom ie exteeme. Hie large number of 
small manufooturera are praotically independent of the n tmm . 
reus tootora end merchants they supply. The worsen, mostif 
untrammelled by trades' unions, are paid oeoording to tbenr 
merits, and sldlled labour of all sorts is nearly always in 
demand. Hie enormous variety of the trades readers genanl 
bed tifide ilnuMt impossible; for one btaneh is sbi^, aaoiffiar 
tensnally working fw or even over time. In notowatoliaglatod 
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it o«imloit mort eovunoo, or wealth more eqnallf diffused. If 
naUionaires are few, absolate poverty and wretafasdness are 
rito rare. Dwellings, however humble, are not overcrowded, 
as in many large towns, and very rarely is more than ono family 
fennd in one honso.” Birmingham is thus, on sooial grounds 
at well as on oomineroial, one of the most interesting of the 
great seats of English industry. 


CHEMISTRY APPLIED TO THE ARTS.—I. 

BT anoBan obadstone, t.c.s. 

BI.BACHIKO. 

AIiB the fabrics used for clothing and other purposes, which 
are made of cotton, flax, wool, jute, silk, and such like articles, 
are more or leas ccilourod when they are first produced. Kaw 
cotton is naturally almost white; but it is liable to be mixed 
with nunuto fragments of the husk, and other extraneous sub- 
etanoe.s, besides grease and dirt, which destroy the purity of its 
character, and render it quite grey by the time it has passed 
through the spinning-mill and loom. Flax and jute are by 
nature rather dark-uoloured; silk is always yellow; and wool 
is anything but white when in the fleece. None, therefore, of 
the geode made from those artiolea present a clean and inviting 
aspect when they leave the hands or machine of the weaver. 

In order to render them fit for the market, they mast not 
merely bo washed, which would only remove the dirt, bnt they 
must generally bo bleached, or, in otb« words, m^e white. 
Grey calicoes arc not bleached, but the tint they possess 
prevents their being used for a great variety of purposes. If 
thc(y have to bo dyed or printed with patterns, it is still more 
important that the fabric should bo bleached, because otherwise 
the colours or patterns would appear indistinct and dirty. 

The bleaching process is therefore a very important one. It 
is ono, however, that is continimlly going on without man’s 
intarforonoe, of which most housewives find too many instanoos. 
Wo are all familiar with the power of the sunlight in fading 
carpets, ourtaina, etc., which are muoh exposed to its influence. 
Ahnost every article that oan be named is subject to the same, 
timber and even stone losing muoh of tlioir oolonr by exposure. 
The effect is increased b^ occasional showers of rain. 

In the eariy ages man copied the process of Nature, and 
exposed his manufactures to these influences for the purpose of 
rendering them white. Water is generally so cheap, and sun¬ 
light costs nothing at all, that modem soienco has not alto¬ 
gether supplanted this pW; but in these days, dispatch is a 
matter of so much importance that we cannot wait while Dame 
Nature does her work, and wo must therefore either hurry her 
on, or find some more expeditions method. 

About 140 years ago, the attention of ohomista was drawn to 
a substanoo whioh is now known to be one of the moat common, 
and at the same time important, dhemioal eloments-^ohlorine. 
In combination with sodium, it forms the well-known table-salt 
(ohloride of sodium), and is therefore one of the most wide- 
spread substances in Nature. It was not long before its bleach¬ 
ing qualities were discovered, and then oommenced a now era in 
tibe art of whioh we are now writing. The best manner of 
using the chlorine was the subjeot of many experiments, and 
improvements have from time to time been suggested; bnt still 
chlorine, in one form or anotlior, is the article upon which the 
bleacher of cotton relies. A groat economy, both of time and 
labour, is the rwult *, the effect whioh conld formerly have been 
gained only by a vast amount of labour, and an exposure of 
montlis to the atmospheric influences, being now attuned 
within on equal number of days. 

What is &c principle upon which chlorine acts in the bleach¬ 
ing of goods made of vegetable fibres? Let us get at the 
philosophy of tiie mattsr first, and then proceed to the working 
of it out in aetnal ptaotioe. The ohemioal process amounts 
himply to this—to give the ohlotine employed the opportunity 
of eutei^g into oombination with the colonring matter in the 
fabric to be bleached, tiie result of which, is the formation of a 
white oonqionnd which can be readily separated from the rnanu* 
factored a^dle. 

I^wre ace, however, many niceties in the operation whioh 
Bfod to be boms in mind, in order to produee a- satisfactory 
nsult. Baw cotton imbibes a certain amount eff .dirt and grease 


in the prooesaes of picking, ginning, and sending from the place 
of growth to the manufacturing district; and in the subsequeut 
processes of spinning into yam, and of weaving into oalioo er 
^ other fabrics, a good deal more of both these impurities is 
! acquired. It is important to get rid of these, and more particu¬ 
larly tho grease, before the goods ate subjected to the actual 
operation of'bleaching. The mere dirt is easily removed by the' 
ordinary process of washing, which is therefore ono of the first 
things to bo done. Grease or oil is not, however, to bo got rid of 
by this means, and tho quantity of these 'troublesome ingredients 
when the goods come out of the loom is by no moans inoonsidsr- 
able. The simplest and oheapest way of purifying the fabric 
from these is to convert them into a soap, by boiling the goods 
in a solution of lime-water or any alkali. The soap thus formed 
is easily separated, and the material is then ready to be sub¬ 
jected to the bleaching process. During these preparatory 
operations, whioh consist of alternate washings in lime-water, 
acids, and caustic alkalis, between each of whioh the fabric is 
thoroughly rinsed in pars water, the article operated npon loses 
a good deal of its oolonr, though the most important have yet 
to follow. 

Thoro arc two ways of conducting the eucoeeding process; 
the one is by bringing tho goods under the inflnenoe of chlorine 
m its free state (either as a gas or dissolved in srater), and the 
other by using the chlorine in combination with a bsee, anoh as 
oaloinm, of whioh lime is the oxide. The former is adopted 
more generally on tiio Continent, the latter in England. The 
former is very effective and rapid in its operation, bnt it involves 
a oertaon amount of risk, because the ^lorine in that case is 
liable toAo too much, and destroy or bum the fibre itself; the 
latter is more easily regulated, so that there is less risk of 
injuring the strength of the c^oo. Even in this ease, it is 
necessary to adjust with care tho strength of the solution of 
chloride of lime, its temperature, and the time employed; be¬ 
cause on inorease of temperature, or a prolongation of the time, 
will operate as prejudicially as an excessive quantity of the 
bloaphing powder. Tho colouring matter is the first attacked, 
and os soon as that has been sufficiently acted upon, the fabrio 
should bo withdrawn from any further influence. 

The chloride of lime is dissolved in a large quantity of water, 
to make a bath into whioh the goods aro to be placed after it is 
reduced to snob strength as is desired, a point which varies oon- 
siderably aooording to tho quality and character of the goods to 
be bleached. Into this solution tho cloth is put, and remains 
there generally for about aiz hours, by which time tho chloride 
of lime has been taken up. It then posses into a weak bath of 
eulphurio acid, when the aoid attacks the caloinm, forming 
sulphate of caloinm, and leaving the chlorine free to act npon 
tho oolouring matter. Tho sulphate is easily removed by steep¬ 
ing in water for eight or tan hours ; and the colouring asatter, > 
having been already decomposed by the chlorine, is got rid of 
by boiling for about eight hours in a solution of caustio or 
carbonate of soda. The goods aro finally passed through a bath 
of weak aoid, to prevent the ohance of their subsequently -turn¬ 
ing colour in oonsequenoe of any roeinons matter remainiBg 
behind, and are then dressed and prepared for market. 

The time ocoupied in bleaching cotton goods by the agency of 
chlorine need not occupy more than two days. It is, however, 
hotter to .take rather more time, as the moat expeditious mode 
involves the use of rather stronger eolations than aro dsaiiable; 
and a very thorough washing between the 'variouB steps of tiie 
proooss is of importance, because otherwise tho fabric is liable^ 
in course of time, to turn ydlowish and spotty in some places), 
Caro in this respect is all the more important if tho goods are 
intended to be dyed or printed, because tlie colours are oertarin 
to be more or loss affected if any of the ingredients used should 
remain behind, or have entered into combination mth the fibre 
itself. The minute details vary considerably in different eeta- 
blishmeniii, as -well as according to the class of goods in hand. 
The solutions of the alkalis are generally prepared by dissolving 
a certain weight of the eabstanoe in a given quantity of water; 
but as ohloride of lime is very apt to lose its etrengtii by keep¬ 
ing, it is usually tested, by observing in a graduated tube how 
much is requir^ to neutralise a standard solution of indigo, a 
test whioh is found in practice to be suffioientiy exact. * 

The procees of bleaching linen is somewhat different from the 
foregdbtg, though the same in principle. While cotton goods 
lose at the outside 10 per cent, of th^ weight, linens lose at 
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least 30 per cent, by bebtgUaaohdd. TIus arises from the large 
•amount of oolonring mal^r in the flax, some of whioh is eren 
' imbibed during the process of retting to which tite flax plant is 
Bubjeuted in ordw to separate the fibre from the husk. The 
great quantity of cedouring and resinoas matters whioh hare to 
bo got rid of, render the bleaching of flax a much more tedious 
process than riiat of cotton, because they prevent the chloride 
of lime from penetrating the fibre completely during the abort 
time that it is exposed to the influence of this agent; and many 
bleariters oombine the modem chemical process with the old 
system of exposme to the elements, which, though longer, saves 
the repetition of some of the mcchauicai operations. Upon this 
plea the process generally occupies from six weeks to two 
months, though by adopting the artifioial expedients it need 
not oucai>y more than about one-third of tbie time. 

The animal substanoee used in the manufacture of clothing 
cannot be treated in the same way, for were they snlijectod to 
the operation adopted in the bleaching of vegetable fibres, the 
material itself would be so far destroyed as to render the goods 
comparatively valueless. The most important of these eub- 
stances are wool and silk. They must be described separately. 

Wool, it is well known, oontains a very largo amount of 
grease, and this is only very imperfectly removed by the process 
of scouring to whioh it is subjected before tho wool is made into 
yam. As in the ease of cotton goods, tho first thing to be done 
is to get rid of the greasy substanous, but tho alkaline leys used 
by the bleachers of caliop to saponify the fatty matters would 
destroy the wool itself, so that another means of achieving this 
end hae to be resorted tS. Tlie beat article fer the purpose, 
and which is iherefore commonly used, is a mixture o{ water 
and stalo urine, into a odd bath of whioh the wool is planed for 
about twenty minutes. Baring this time the carbonate of 
ammonia, evolved in the decompoeition of the urea, combines 
with the grease, forming a subetanoe which is readily removed 
by washing. If woollen goods are subjected to this treatment 
there is some difficulty, however, in getting rid of tho disagroe- 
ablo smell whioh oling^ to them, in oonseqnenco of whioh 
carbonate of soda and soap ore generally substituted, though 
. they are not so satisfactory in their aetion. 

llioogh heat facilitates oil tho operations of the bleacher, it 
is necessary to avoid it when de^ng with wool, bonaoso it 
would not only injure tlto fibre, but also make it shrink too 
much. Sven in using cold water, the latter result has to bo 
guarded against by keeping the goods stretoliod on a frame 
while passing through tho various baths. To effect this with 
the greatest possible economy of liquid, tho baths are fitted 
with two series of rollers, one near the bottom and the other 
near the top, and the fabric is drawn tightly over and under the 
rollers alternately. 

Having thus prepared the article for the actual bleaching 
operation, it is now subjected to the action of sulphnr, and not 
chlorine os in the cose of cotton. The object of this treatment 
is not to remove tho oolouring matter from tiie wool, but merely 
to deprive tho substance of its colour. It is applied in the form 
of snlpbnrons acid, which is a gas readily soluble in water, and 
may bo used in either of tliese oonditions according to tho pro- 
feronoe *of tlie operator, Thosn who employ it in the gaseous 
state have largo chambers provided in which tlio goods arc hung 
up on wooden niils; tlie door is tlion hermetically shut, and 
the burning enlphur is introduced through an aperture in iho 
floor, whioh is at once olu.sud. In this way the air that is in 
the chamber becomes thoroughly impregnated with the gas, and 
tho dorii, after an exposure of about twenty-four hours, is 
completely bleached. An immersion of four hours in water 
saturated with the gas is suffidont to produco tho same reenlt.* 
The aqueous solution may easily bo prepared by heating a 
mixture of sulphate of iron and sulphnr in a retort connected by 
a pipe with the bath, so that the gas evolved should pass into 
the w^r, and bo absorbed by it until thoroughly saturated, 
or until a suSoient strength be attained. 

’Qio process of bleaohing sUk is much simpler. In fact, 
OK<:i 0 pifar special purposes, it oan hardly bo said to be actually 
' bleaohed. Tlie very pale tint to whioh it is usually redunod is 
' attained by repeaM boilinge in water with soap, then im- 
xnersieB in abath in whioh a little oarbonidM of soda ie dissolved, 
•ad iftnrily a short exporare to tiie action el a weak add, the 
aslk bfiiw well rinsed between aaefa oiwimtion. A further de> 
oolwientianie, however, neoteMiry, if tiweilk is snheequentiy to 


be dyed of a very delieate eolonr, in whioh eeise« treiA aoktieB j 
of sulphurous add is used. Huoh oare has to be exercised^' 
throughout, lest the -fibre abonld be affected, which would not' 
only destroy its strength, but also deprive it vi the briUianoef 
whioh adds so much to its value. 

The manufacture of the ohloride of lime which is now tiie 
great agent in the bleaching of goods made'of vegetable 
fibres, is a separate trade, and is principally oarried on at the 
large chemical works in tho neighbourhood of Glasgow, How- 
castle, and Liverpool. 

Moobiuery is usdd wherever praotioable, in order to economise 
the cost of labour, and also time. The dash wheel, as it is 
called, is a most useful and simple oontrivanoe, and one in 
almost constant requisition, bdng used in the frequent washings 
above desoribed. It conrists of a large cylinder or dram, 
divided lengthwise into four oompartmonts, with a large aper¬ 
ture in the end of each, through whioh two or more pieces of 
cloth ore inserted; water is then added, and oonnectlon being 
made with the steam-en^ne, the cylinder revolves rapidly, and 
the motion thus given to the pieces of cloth inside washes them 
tboronghly in less than ten minutes. 


TECHNICAL DRAWING—III. 

LINXAB BBAWINO IN PAKALbEL I.INE8—FBEE-HANS DKAWINO. 

We now proceed to give another example for practice in draw¬ 
ing parallel hues. „ 

Fig. 6 is tho plan and Fig. 7 is the sectional elevation of a 
platform in whioh the longitudinal sleopers, b bb, rest directly 
on the ground, and are kept in their plaoos by tho eross-sleepers, 
aaa aaa a, which rest upon them. Those are notched down, so 
that only half thoir thioknoss stands above tho longitudinal 
sleepers. The spaisis between these baring been duly flushed 
up as in tbo previous example, tho planking, eee, is placed 
heiioeen the cross-sleepers, of a thickness equal to the portion of 
their thickness which stands above tho longitudinal timbers, 
the upper faces of the cross-sleepeis themselves thus covering a 
portion of tho surface of the platform. 

To draw these figures, draw a line at A B, for the ends of the 
longitudinal slcopors; mark off tho widths of these and of the 
spaces between thorn. 

Now, knowing that tho elevation is to be projooved from tho 
plan, you may as well carry on tho process at the same time 
that you are drawing thu first figure ; therefore, at tho proper 
distance, draw tho ground-line of tho elevation, cn (Fig. 7), 
and as you draw tho longitudinal sleepers, carry down the linee 
whioh will give you tho ends or sections of the timbers lettered 
b b in tho elevation. 

Hotoming to tho plan, draw tho cross-sleepers, aaa a aaa, 
and the lino.s parallel to the longitudinal sleepers (not shown in 
tho example) which bound the ends of the cross-sleepers, carried 
up, will give also the ends of the same timbers, and of the 
planking, in both plan and elevation. It will be seen that the 
portion of tho' cross-sloepor which is notched down on to the 
longitudinal timbers is represented by the width at a in tho 
sectional elevation. 

Tho section of the -wall may, of oourso, now be drawn either 
to pattern, or may be worked to represent brickwork from 
either of the footings of walls whioh will be given in the kssons 
on Building Construction. 

These drawings may now be coloured to represent fir, the 
colbnr nsually employed for this purpose being raw siennE. 
This should bo washed thinly over oU the wood-work, and when 
dry the lower sleopers should bo covered--with sepia, tbe shadows 
oast by the upper on the lower timbers to ^ subsequently 
added with colour rather darker. When all the oolouriug ie 
dry, the lines representing the paining are to be freely, but 
not too heavily, executed with tills lost darker shade of sepia; 
and it must bo borne in mind that the grnuning is but seoondkry, ^ 
and must not be over-done, and tiiat in tho example the lisM ' 
are engraved closely in order to darken the lower timbers, so 
that the cross-sleepers may bo more phdnly visible; but in 
your drawing yon attain this end by the wash of sepia, end 
therefore yon are not required to shade your work in Ikes. Is 
the ends of the sleepers ehom in Tig. 7 it is, however, naoee- 
eazy to draw Ikee at 45*, k order to tiurw that they are meant 
to represent notione. 
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Fig. 8 it tbe plan and Fig. 8 ia the aeotional eleration-of the 
planking for tiio fcmndationa of Tmlla meeting at right angles. 
This plra, taken from an excellent Geman example, is sudi aa 
might be applied in a oaae where it might not be neoeaaary that 
the whole of the area should be plank^. 

To draw this example, draw ^e line A b (Fig. 8), and b c at 
tight angles to it. 

On BC mark off the widths of the lo^er sleepers and the 
spaces between them, and from these points draw the linos 
required for tho timbers. 

On A B mark off tho widths of the upper sleepers and the 
opacoB between thorn. 


ends or to patch the line, which is exceedingly difflonlt to do 
neatly. Bat if yon have drawn ont the pencU-linea forming the 
edges of tho sleepers, yon at once aee the exact length yon are 
to ink *, and this same result in inking tho long lines will be 
attained by the ponaildine previonsly drawn at ft b. 

Ton. are fnrtber advised never to scratuh out any extraueons 
lino until after yon have eolonred, and tho drawing has tho> 
roughly dried, as otherwise the oolour will run into the roughened 
paper and cause a blotched appoaranoo. 

The sectional elevation (Fig. 9) can now be projeotqd from 
the plan in tho manner already explained. Tlis shadow cast by 
the wall (which is a section on tlio line p b) is to be washed in 



Although only throe of these ore oonrisnoas, it is advisable 
to draw in pencil as if they were so, which ensures tho dis¬ 
tant set being immediately opposite to jthose in tlio front; and 
this mode of working is decide^y tho more rapid. 

It has hem mentioned that it is desirable to draw all pencil 
lines longer than tliey will be required. We will now inquire 
why it is BO. 

_ Let us suppose tho whole plan finished, as far sa the penoQ- 
ling is oonoemed, and that the next process ia that of inl^g. 

Now, of course, you know that the bevelled edge of your rule 
must be turned downward, in order to raise ihe edge so that 
the ink from Ihe ruling-pen may not drag against it This edge, 
however, obstmots, in a degree, yont view of Ihe lines you are 
to and you either draw your pen past the angles of tham or 
do not snls qirita up to tiiaia. In either ease tim reanlt ia din- 
■craaable, for you have rithw to leratcb out the B«perfl.iiona 


with sepia. Bo careful not to mix your oolour too thidc. 
Bather repeat the wash in order to darken it. 

Tho lines for the coursos of stones should be drawn after 
the Qolooring and shadowing, so that they may not be washed 
away. 

OF FKEBHAMft DBAWINO. 

At this stage it is advisable that the student should he in¬ 
formed that all tho drawing which is noocssary for tho artii^ 
cannot be done with rules and nompoMet, but that some portion 
of the work must be drown by “ freehond.” 

It is important that a workman shonld bo able, with his pisoe 
of chalk or pencil, to sketoh roughly, by hand, the form ^ any 
object he is required to make, or that, visiting any exhibition 
or foreign oountry, he sbonld be able to bring away witii bia 
drawings, however roughly done, of any tool, applisnoe, utaful 
or onowental axtiole wbiob may have attcaoted his attention. 
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. AgMB, M tin oxM&plM oontMued in this or snjr other work 
of m siinilar ohotaoter odiwios, it will be seen that onrred lines 
are of ooustsnt ooenrrenoe; and althoag^ some of them, whioh 
mmj be oomposed of ares at circles, may be done witii compasses, 
Sind others may be inked by moans cl the IVenoh onrre, there 
SM many which cannot be exeonted by any other means than 
by freehand, and there will occur little pieces of 
enired, lines eontinnona with straight ones, whioh 
can always be more neatly joined by hand than by 
matnuBeDts, or which a certain amount of praotioe 
will enable the draoghtaman to oxeontc with his 
pen or pencil in less time than it would take him 
to find the oentres. Bnt this is not all. The 
atndy and praotioe of freehand drawing gives ac- 
onraoy to the eye and refines the perceptive facul¬ 
ties; it enables a man to raise his ideas beyond 
mere straight lines, to onltivate his taste, and in 
many ways to add beanty to ntOity. 

To the joiner these remarks apply with even 
greater force than to the oarpontcr, for there is 
BO mnoh in his work that reqnires taste and lefine- 
ment, that to him hand-drawing and a proper culti¬ 
vation of taste are absolntely indispensable. Tbc 
Germans (amongst whom technical ednoation has 
from early times been well attended to) imply thie 
in ibe very namee they give te the different depart¬ 
ments of the workora in wood. Th^ do not seem 
to eansider thS' work of the house-carpenter to 
be merely making a good joint or planing wood 
very eldlfally, and therefore do not nee the term 
“ j^or." Thi^ osU the workman “ Bau-tisohler” 

(the buildii^, cabinat, or table moiker), and the 
“ Feitt-aimmermann " (the fine-room man) ; and 
these terms will at onoe be undoretood as oonveying 
the meaning that from the joiner not only neatness 
bat taste is required; and he cannot aoquirothie, or 
even onltivate- that whioh may bo (and in many 
cases is) nataial to Ima, without pationtiy studying 
and practising the delineation of bean^nl forms 
which Katuie spreads so bountifully around, and 
which men of former periods have prodnoed. The 
South Kensingfton Mueenm, a perfect art-world, 
oontaine innumerable epeoimens ^ the application 
of art to trade pniposes, and the student ie strongly 
urged to avail himself of the advantages of snoh 
an exhibition, and of the excellent tnition given 
in tiie nnmerone schools of eoienoe and art, spread 
not only over London, bnt throughout tire pro- 
vinaes. 

The objeot of int^noing freehand drawing at 
this stage is that the student may practise it, little 
by litQe, as ho progresses with his linear drawing, 
end so onltivate botit branohee eqoaily. This will 
be fonnd more satisfaetory than allowing tiie study 
vi rating-work to ontstrip hand-work; for, where 
this ia the ease, whilst the ruled lines may be 
eixooetingly well done, the ourved parts will be so 
chmiily added that tite appearance of the drawing 
will be quite spoiled. 

It is intended to in- 
troihsoe. at a further 
etsge the elements of. 
onuuDsental fomu; bnt 
in eommeneing, it ie 
deemed beet ttot tite 
subjeots should bo each os are well known to the atudent. He 
will than be able to oheok his own work, for he will at onoe see 
whether his drawing is really like the tool he has in his bosket; 
and 1 wonld hope that it may lead him to try to make draw- 
of others dtieet firom the objects and nnaided by oopios. 

We commence, then, with Fig. 10, whioh ia intended to repre¬ 
sent a joiner’s screw^ver; and this example, simple as it is, 
will eMotdi esoellsnt praotioe in a most important branch of the 
study—the balancing of iwrts. 

the perpen^culor, A B, ie to be drawn fiiet, and, when 
thia ie accomplished (by hand, imt by means of the rale), pro- 
osad is the f^oiriBg manner,— 

Dae# the lines c d and #/, orossing as nt right angles; 


observing, but not maasntiagi the distance between them- Next 
draw the line g h, whioh is to form the edge of the blade; and 
also dot fine lines across at ij and hi. 

All these Imes are, in the first instance, to be drawn of in^ 
definite length. 

The two points to be observed are— 

1. That they are at &e proper distanoes apart. 

2. That they ore all really at right angles to a b. 
Now ma:^ off on each side of the oent^ perpen- 

dioular the length of half the diameter of the brow 
ring, and draw the linss c e and d /. 

The handle is to be drawn next, and this is formed 
of a oontinuouB onrve. Begin at a, and in the 
lightest manner possible eketoh the onrve extending 
to c. Adopt as a oonstant rale, , that when two 
curves are to be balanced, it is advisable to draw 
the left side first, for if the right side were drawn 
before the other, you would most likely cover it with 
your hand whilst deetohing the left; this wonld, of 
course, render your getting your two sides alike 
very difficult. 

'^en, then, yon feel in some degree satisfied 
that the loft side of the handle is nearly correct, 
add the onrve from a to d. 

Observe. —There must not be a sharp point at a. 
The two sides most merge smoothly into each oilier 
at the top, BO ae to form one oomplete curve. 

Ton can well imagine how very absurd a screw¬ 
driver wonla appear, and how very unfit it would 
be for work, if it had a diarp point at the top of 
the handle. 

Kow oommenoe tiie blade, by drawing the por- 
pendioulars ei and/y; then the enrve ik on the 
left side, and j I on the right. 

Mark off on g h, on each side of the perpendicnlar, 
half the width of the edge of the blade, end then draw 
the linos kg and { h, wUoh wiU oomplete the form. 

Now this will constitute the rough sketch. The 
next step is to convert it into a drawing. Pass 
your india-rnbber lightly over tiie pencil lines, so 
as to remove as mnoh lead as possible, witiumt 
entirely erasing the form. 

Fig. 11 ie a sfcoteh of a oarpenter'e ,chiseL 
In beginning this, draw the oentral horizontal 
line, and aorosa this draw the lines for the edge of 
the ohieel, and tiie upper and lower ends of the 
handle. 

Next draw the sides of the blade, whioh, differing 
from those of the sorewdriver, are parallel to the 
oentral line. The lines for the edges of the handle 
are not, however, pamllel, as the handle is wider 
at the upper than at the lower end. 

Observe. —^In nsing india-rnbber, it is better to 
mb in the direetion of the lines rather than acroee 
them; and when time is mnoh lead upon thepaper, 
it is ^tter that tiie friction shonld be rapid and 
light rather than slow and hard. The robbing 
should not be baokwaid and forward, by which the 
ead rubbed off by one etimke is robbed on again 
by the next; bnt the 
a^on ehonld bo like 
planing or filing— 
viz., in one direction, 
the rabber being raised 
, in the backward .motion. 

The paper should at this stage present a perfectly clean ap¬ 
pearance, with a very clear but eli^t trace of the form. . 

Now, with a fine, doanly-ont point to your pencil, trace over 
the ontiine, avoiding all raggedness, and ondeavonring to get 
each line of the same tihiokneae thronghont; those on ^ right 
aide are to be rendered a littie darkw than the otiaete. This 
process is called "lining in.” 

By following these direetione cl^ly, whioh ere similar to 
thceS given for ontline-work in the eatliw “ Lessons in low¬ 
ing” in Tbx Pobwiulb Ei>v(UXOB, and taking an exanqale for 
praoties from any tool that he may be in the constant habit 
of nting, ihs be^aner wiB soun find himself side to prodnoe 
oteditoUe drawings. 





Pig. U. 
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PRINCIPLES OP DESIGN.—-I. 

B; Cbbiropheb DasassB, Fh.D., F.L.S.. eto. 

SmCBODircnON—TAI iITE Oli' AST-KNOWLKSaa—MEAKXNa 

CONVXYXD BY ANCIBMT OBNAUKmrATIOK. 

At the vsiy oommonooment of this aariea of articles on Orna¬ 
mental DarifTn. which I hare undertaken to write at the reqaeat 
of ths XkUtor of Tux Tbchnical Educatob, I desire to say 
that I addreaa myaolf eapouia.lly to working man, and that my 
Bolo objeot will be to teach what I oonaider osoful to them. 
There are many handiorofta in which a knowledge of tho true prm- 

oiplea of ornamentation aro __ , . ■ .—n—j 

almost caaontial to auaccaa, Kl ii&l i I 3 
and there aro few in which uA |lnM fllH 
a knowledge of doeoratire |I§II nmg 

laws cannot bo utilised. Thu 
man who can form a bowl H H 

or a voao well is an artist, sa 

and BO is tho man who can 
make a beautiful chair or 
table. Those aro truths; ig 

but *th6 coarorae of those HO ^jU 

facta is also true; for if a 
man bo not an artist ho can- 
not form an olugant bowl, W 

nor make a beautiful chair. Vh ^ ifl 

At tho very ontaot wo lUff 'i jl 

must recognise tho foot that U 

tho beautiful has a com- * J 

mercial or money vainWo 
may even say that art may 
lend to an objoet a value I I 

grcatorthan that of tho mate¬ 
rial of which it consists, 
oven when tlio objoet bo 
formed of precious matter, 
as of rare marbles, scarce 
woods, or silver, or gold. 

This being the cose, it 
follows that tho workman 
who can endow his produc¬ 
tions with those qualities or 
bonuties whieli give value to 
his works, must bo more 
useful to his employer than 
tho man who produces ob¬ 
jects devoid of such beauty, 
and his time must bo of 
higher valno than that of 
his less skilful companion. 

If a man, who has been bom 
and brought up as a ” son 
of toil,” has that laudable 
ombitiou which causes him 
to seek to rise above hin 
fellows by fairly becoming 
their superior, I would say 
to him that 1 know of no 
means of his so readUy 
doing so, as by his acquaint¬ 
ing himself with the laws of 

beauty, and studying till ho lOTtis (bbux wj 

loams to perceive the differ- as conventionally 

cuee between the beautiful A, Open fiower and bud on niantmy 
and the ugly, the graceful or cornice. C. Lo 

and the deformed, the re- 



we most be pardoned for not oooepting snoh authmEif^, for 
should there be any over-estimation of the acoaracy of this good 
taste, eeriouB loss of progress in art-judgment might result. 

It may bo taken os an invariable truth that knowledge, and 
knowledge alone, con enable us to form on accurate judginent 
respecting the beauty or want of beauty of an objeot, and he 
who has tho greater knowledge of art can judge best of the 
ornamental qualities of an object. Ho who would judge rightly 
of art-works must have knowledge. Let him apply himself, 
then, to earnest study, for thereby ho sluill have wisdom, and 
by his wise tcasouings he shall be led to perceive beauty, and 

thus have opened to him a 
new source of pleasure. 

Art-knowledge is of value 
to the individual and to the 
country at largo. To the 
individual it is riches and 
wealth, and to tho nation it 
saves impoverishment. Take, 
for exoniplo, clay as a natu¬ 
ral material; in the hands 
of one man this material 
becomes flowor-pots, worth 
oightoen-penoe a “cast” (a 
number varying from sixty 
to twelve according to sko); 
in the hands of another it 
becomes iv tozxa, or a vase, 
worth five pounds, or per¬ 
haps fifty. It is the art 
which gives the value, and 
not tho material. 'J'o tho 
nation it saves impovorish- 
mout. 

A wise policy indnoes 
a country to draw to itself 
all tlio wealth that it con, 
without partiug with mote 
of its natural material, than, 
is absolutely necessary. If 
for every pound of clay that 
a nation parts with, it can 
draw to itself that amount of 
gold which wo value at five 
pounds sterling, it is ob¬ 
viously hotter tlius to part 
with but little material and 
yet sooure wealth, than it is 
to part with tho material 
either in its native condi¬ 
tion, or worked into coarse 
vessels, at a low rate, there¬ 
by rendering a great im¬ 
poverishment of the native 
resources of tlio country 
nccosBary in order to its 
wealth. * 

Men oi tho lowest degree 
of intelligence can dig clay, 
Q iron, or copper, or quarry 

, , stone; but these materials, 

FIO. 1.— THE LOTOS (BLUE WATEB-LILY) OF THE EGY1>TIANS, if bearing the inipross of 
as conventionally tbeated by TiiEH. mind, are ennobled and ren- 

A. Open flower and bud on mammy-caao. U. Flower and bud on border dered valuable, and the mote 
or cornice. C. liotos flower and stalk. strongly the material is 

marked with this ennobling 
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fined and the • coarse. To poroeivo delioate beauties is not by impress the more valuable it becomes. 

any means on easy task to those Who hare not devoted them- I most qualify my last statoiaeut, for there are possible coses 
Mlvea to the oonsidcration of the beautiful for a long period of in which tho impress of mind may dcgtJnlo rather than exalt, 
tme, and of this be^ assured, that what now appears to you to and take from rather than enlumce, the valne of a material. 
« shortly regard as less so, and what now To ennoble, tho mind must bo noble; if debased, it can only 

faUs to attract you, wOl ultimately become charming to yonr eye. debase. Let the mind ho refined and pure, and the more fully 
In your study of tho beautiAil, do not bo led away by the false it impresses itself npon a material, tho more lovely does tho 
jndgmont of ignorant persons who may suppose themselves material become, for thoreby it has received tho impress of 


possessed of good taste. It is very common to assume that 
women have better taste than men, and some women seem to 
cons ider themselves the possessors of even aathoritatiTe taste 
from which there can be no appeal. This may ^ the case, only 


refinement and pnrity; but if tho mind bo debased and impure, 
the more does the matter to whioh its nature is transmitted 
become degraded. Let me have a simple mass of clay as a 
candle-holder rather than the earthen candlestick which only 
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ptMenta indi a fom u J> the natural oni^ingr of a degraded 
mind. 

Thore is another reason why the material of whioh beantifnl 
objects am formed should be of little intrinsio valas, besides tiiiat 
ariidng oat of a oonsideration of the exhaustion of the country, 
and tUs leads me to say that it is desirable in all cases to form 
beautiful objects of an inexpensiTO material os for as possible. 
Clay, wood, iron, stone, and copper are materials which may 
wdl be io^ioned into beautiful forms; but beware of silrer, 
and of gold, and of precious stones. The moat fragile material 
often endures for a long period of time, while the almost in- 
oorrOsible silver and gold rarely escape the ruthless hand of the 
destroyer. “ Beautiful though gold and silver ore, and worthy, 
even though they were the commonest of things, to be fashioned 
into the inost exquisite devices, their money value makes them 
a perilous material for works of art. How many of the olioicost 
relics of antiquity are lost to us, because they tempted the thief 
to steal them, and then to bide lus theft by melting them! 
How many unique designs in gold and silver have the vicissi. 
tudes war roduoed in fierce haste into money-changers’ 
nuggets! Whore are Benvenuto CoUini’s vases, Lorenzo Ghi¬ 
berti's enps, or the silvor lamps of Ghirlandajo ? Gone almost 
as completely os Aaron’s golden pot of manna, qf which, for 
another reason timn that wldch kept St. Paul silent, ‘ wo cannot 
now speak particularly.’ Nor is it only because this is a world 
‘where thieves break through and steal’ that the fine gold bocomps 
dim and the silver perishes. This, too, is a world whore ‘ love 
is strong as death; ’ and what has not love—love of family, love of 
brother, love of child, love of lover—prompted man and woman 
to dp with the oostliest things, when they could be exchanged as 
mere bullion for the lives of ttioso who wore beloved ?" * Work, 
man I it is fortunate for us that tbo best vohiclos for art axe the 
least oostly materials. 

Having made those general remarks, I may explain to my 
readers what 1 am about to attempt in tbo series of papers 
which I have now oommenoed. My primary objoet will bu tho 
bringing about refinement of mind in all who may accompany 
me thn^h my studies, so that they may individually be enabled 
to judge oorreotly of the nattire of any decorated object, and 
enjoy beauties—ohonld it present any—and detect its faults. 
If snob be present. This roiinemont 1 shall attempt to bring 
about by presenting to the mind oonaiderationa whioh it must 
digest and assimilate, so that its new formations, if I may thus 
speak, iqay be of knowledge. We shall carefully consider cer¬ 
tain genei^ prinoiples, which are eitlier oomraon to aU fine arts 
at govern the produotion or arrongomont of ornamental forms. 
Then «e shall notice tho laws whioh regulate the combination of 
ooloun, and the application of colours to objects; after whioh 
we shall review our various art manufactures, and oonsidor art 
as assooiated with tho industrial arts. Wo shall thus bo led 
to consider art fnmitnre, earthenware, table and window glass, 
wan decorations, carpets, floor-cloths, window-hangings, dross 
fabrics, works in silver and gold, jewellery, hardware, and what¬ 
ever is a combination of art with manufaeWe. I shall address 
myself, then, to the carpenter, tho cabinet-maker, imttcr, gloss- 
blowef, pai>or-stainor, weaver and dyer, silvcrsmitli, jeweller, 
blaoksmith, gas-finisher, mason, designer, aud all who are in 
01 ^ way engaged in the produotion of art objucta. 

But before we eommence our regular work, let me say that 
withoni laborious study no satisfactory progress oan bo mode. 
Labour is tite means whereby we raise ourselves above our 
follows} labour is the means by which wo arrive at afllucnco. 
Think not that there is a royal road to success—tho rood is 
through toil. Dooeivo not yourself with the idea that you are 
bom a genius, that you were bom an artist. If you are endowed 
with a love fra art, remember that it is by labour alone that yon 
oan got that knowledge whioh will enable you to present your 
art ideas in a manner acceptable to refined and edneated people. 
Be Oontent, then, to labour. In the ease of an individual, sncccss 
appears to me to depend upon the time whioh he devotes to the 
study of that whioh he desires to master. One man works six 
hours a day; another works eighteen. One has three days in 
ones and what is the natnial result P Simply this—that the 
one who works the eighteen hours progresses with three times 
tM rapidity ot the one who only works six hours. It is trao 

nmm a leetiiM ly the late Frotsesor George Wilson, ot 
Wlabaqgh. 


that individnata differ in mental oapaoity, but 119 ' experience 
has led me to believe 'timt those who work the hardest almost 
invariably snooeed beat. 

While I write, I have in my mind’s eye one or two on whom 
Nature appeared to have lavishly bestowed art gifts; yet these 
have made but little progress in life. I see, as it were, before me 
others who were less gifted by Nature, but who industriously 
persevered in their studios, aud were oontent to labonr for 
sueoess; and these have ariiieved positions which the natural 
genius has failed even to approach. Workman! I am a worker, 
and a believer in the efficacy of work. 

We will commence our systematio course by observing that 
good ornament, good decorations of any charaotor, have qualities 
which appeal to tho educated, but ore silent to the ignorant, 
and that these qualities make nttcranoo of interesting facts; 
but before wo con rightly understand what I may term tho 
hidden utterance of ornament, we must inquire into the general 
revelation whioh the omamont of any particular people, or of any 
historic age, makes to us, and also tho utteranoes of individual 
forms. 

As on illustration of my meaning, let us take the omajpent 
prodnoed by tho Egyiitians. In order to see this it may bo 
necessary that we visit a museum—soy tbo British Museum— 
where we search out tho mummy-coses; bnt os most provincial 
musoums boast one or more mummy-oases, we are almost 
certain to find in tbo leading comity towns illustrations that 
will servo onr present purpose. On a mummy-case yon may 
find a singular ornament, which is a oonventioual drawing of 
the Egyptian lotus, or *Mue water-lily* (sec Fig. 1), and m nil 
probability yon will find this oriiamontal device repeated over 
and over again on tbo one mummy-ooso. Notice this jiccu- 
liarity of tlio drawing of this lotus—a peculiarity common to 
^Syptian ornaments—that there is a severity, a rigidity of 
line, a sort of stcrmiess about it. This rigidi'ty or severity of 
drawing is a groat pocnliarity or choxactoristic of Egyptian 
drawing. But mark! with this severity there is always coupled 
an amount of dignity, and in some cases this dignity is very 
apparent. Length of lino, firmness of drawing, severity of form, 
and subtlety of curve, ore tho great characteristics of Egyptian 
ornamentation. 

What docs all this express f It expresses the ohaxaoter of 
the people who created tiio ornaments. Tho ornaments of the 
ancient Egyptians were all ordered by the prieatbood, amongst 
whom the learning of these people was stored. The prioste were 
tho dictators to the people not only of religion, but of tho forma 
whioh their ornaments wore to assume. Mark, then, tho expres¬ 
sion of the severity of character and dignified bearing of the 
priesthood; in the very drawing of a simple flower we have 
presented to us the oliaractor of the men who brought about 
its produotion. Bnt this is only what wo axe in the constant 
habit of witnessing. A man of knowledge writes with i>ower 
and force; while the man of wavering opinions writes timidly 
and with feebleness. Tho force of tho one charaotor (which 
character has boon mode forcible by knowledge) aud the weak¬ 
ness of the other is manifested by bis written words. So it is 
with ornaments: power or feebleness of character is mgiuifeat 
by the forms prodnoed. 

The Egyptians were a severe people: they were hard task¬ 
masters. When a great work had to bo performed, a number of 
slaves were selected for tho work, aud a portion of food allotted 
to each, which was to last till the work was completed; and if 
the work was not fiiushed when the food was consumed, tho 
slaves perished. We do not wonder at the severity of Egyptian 
drawing. But they were a noble people—^noble in knowledge 
of tho arts, noble in the erection of vast and massive buildings, 
noble in the greatness of their power. Hence we have nofaUii^ 
of drawing—power and dignity mingled with severity in every 
ornamental form whioh they produced. 

We have thus notioed the general ntteronoe or expression of 
Egyptian drawing; but what apeoifio oommunioation does this 
paxticnlar lotus make f Host of the omameuts of tire Egyptians 
—whether the adornments ot saroophagi, of water-vessels, or 
more charms to be worn pendent from the neck—^were symbols 
ot some truth or dogma inouloated by the priestB. Hence 
Egyptian ornament is said to be qrmbolia. 

* Ittis can be seen growing in the water-tanka In tbe Kew Gardene* 
oonsorvatories and in tbe Crystal Fslaae at Sydenbam. 
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TIm fcrtOify of the Nile valley was chiefly due to the river 
aimtiaUy ove^owiag its banka. In apreading over the land, 
the water carried with it a quantity of rich alluvia earth, which 
gave fecundity to the oount^ on which it woa dopoaited. When 
the water which had ovorapr^ the aurrounding land had nearly 
aubaidsd, the com which waa to produce the harveat waa aet by 
being caat upon the retiring water, through which it sank into 
the rich alluvial earth. The water being now well-nigh within 
the river-banka, the first flower that sprang up was the lotus. 
This flower was to the Egyptians the harbinger of coming plenty, 
for it symbolised the springing forth of tho wheat. It was the 
firat flower of spring, or their primrose (first rose). Tho priest¬ 
hood, perceiving the intere-^t with which this flower was viewed, 
and the watchfulness manifested for its appearance, taught that 
In it abode a god, and that it must be worshipnnd. The onknow- 
lodgment of this flower as a fit and primary object of worship 
oansed it to bo delineated on the mnuimy-oasos, and sarcophagi, 
and on all saorod odificos. 

Wo shall have frequent occasion, while considering decorative 
art, to notice symbolio forms; Viut wo must not forget tho fact 
that all good ornaments make utterance. I^et us in all oases, 
when beholding them, give car to thoir toaohings! 

BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

Il.-SItt HUMPHRY^I>AVY. 

BY JAMES OBANT. 

55ib Humpiirt Davy, Bart., LL.1)., P.R.S., Momter of tho 
Foreign Institute of IVanco, the eminent chemical analyst and 
discoverer, and inventor of the famous safety lamp, was the 
oldest of the four children of Robert and Grace Davy, and was 
born in tho old municipal borough of Ponzonco, in Cornwall, on 
the shore of Mounts Bay, on the 17th of December, 1778. In the 
adjacent parish of Ludgvon his ancestors hod long possessed 
tho estate of Yarfell, and thnro ho resided in his earlier days. 
In tho church arc several tablets of the family, and one bears 
tlio date 1635. A strong and healthy child, he walked at nine 
months old; at two years he oonld speak with fluency, and 
beforo he had ever learned his prayers would recite stories and 
copy the figures from “ifisop’s Fables.” He was taught read¬ 
ing and writing by a Mr. Bushell, and was then sent to Truro 
Grammar School, under Dr. Cardew, where ho was chiefly famous 
among tho pupils as a narrator of talcs and stories, especially 
frou' 

poetic and tho marvollons was fed by tho grand scenery of his 
natiro county, and tho traditions of giants and hobgoblins with 
which local superstition still peoples it. 

His quitting Dr. Cardew's school in 1793 was an important 
ora in his life. At fifteen his school education was doomed com¬ 
plete ; thus to his future self-education ho owed aU. In the 
following year his father died, an event which gave a steadfast¬ 
ness to all his rosolutions. In 1795 ho was apprenticed to Mr. 
Bingham Barlow, then surgeon and apothecary in Penzance, 
and in after years a distuigoishod physician. Young Davy’s 
note-books show tho ardour with whioh he entered on his new 
career, dnring whioh he published some jmems of considerable 
merit in tho “ Annual Anthology.” In 1797 he was working 
hard at Euclid and algebra, and was deep in tho study of 
.jocke. Hartley, and Holvotius, together with the writings of 
Reid, Hume, and others, who are designated by him os “ the 
Seotrish metaphysicians.” The house in whioh he passed tlie 
years of his apprenticeship has recently been removed to make 
way for the Town Hall. 

He now commenoed in earnest the study of natural philosophy, 
and went more deeply into chemistry on tho system, of Lavoisier, 
and at the same rime ho became a skilful draughtsman. In 
1798 he began to form those peculiar views resiieoting heat and 
Ught, in opposition to those then commonly reeoired; and on 
tMs subject oorresponded with Dr. Beddoes, who became a 
convert to bis principle. Among his earliest researches at 
Penzance ore those on the respiration oi fishes and of zoophytes, 
in which he iwaiuf-MUW that oxygen is essential to the existence of 
those olasses of animals; that they breathe the air contained in 
the water, and, like the higher class of land aninials, convert 
the oxygon, Iqr riw addition of carbon, into eaibonin and gas. 


In October that year, beforo he was twenty-one *yeaxs of ago, 
he left home to enter on a new and enlarged sphere of existence 
—a publio career in the Pneumatic Instituriou at Oliftem— 
where, however, he was only two years and a half, when, by rile 
invitation of Count Bnmford, he was appointed Professor of 
Chemistry in tho Royal Institation of Great Britain; and then 
he eompletod and gave to the world his first views of heat and 
light. At this time his chief friends and oorrea{)ondent8 were 
Southey and Gregory \ ntt (son of the fomuns James Watt), 
whoso aoquaiutanoe ho had mode when tho latter was travelling 
in Cornwall for tho benefit of his health; but he soon found 
other intimate friends and coUeaguos in HerscUel, Dalton, 
Wollaston, Cavendish, Knight, Warburton, and Allen. His 
snccoss os a lecturer was most eminent, and the theatre— 
capable of holding a thousand persons—was always crowded to 
excess when he appeared. Tho best specimen of his powers is 
supposed to bo contained in a lecture on eleotro-chemical science, 
delivered on tho 12th of March, 1808, in which, after Bacon, ho 
vindicated tho benefits acicruing to mankind from experimental 
Bcienno and natural knowledge in general, against all cui bono 
oar{>orB, 

This was to him a happy period of his life: enjoying the beet 
Booioty in London as only a young man can enjoy it, and when 
bis duties set him free, travelliug to the wildest parts of Scot¬ 
land, Ireland, and Wales as a geologist and angler, retaming 
always with numerous Bpeniraons, which now remain in the 
musonm of tho Royal Institution; but amid all hia ocenpationa 
he never forgot his Cornish bume, and to write a Now Year’s 
letter to his mother, with regular Christmas-boxes of “ton 
shillings to Betty White and ten sliillings to Mary Lanier,” 
her old servants, as his published corrospoudenou shtw. The 
years 1806 and 1807 saw him immersed in tho use and tho 
labonr of oloctro-clicmical science, and the extreme delight be 
felt when-ho first saw tho uiotallio basis of potash con only be 
conooivod by those who are familiar with tho uperarions of the 
laboratory, and the exciting nature of original research; but 
illness, the result uf over-work, come upon him now—on Ulness 
consequent, os some anjiposcd, to a visit ho had paid Newgate 
for the purpose of improving the sanitary condition of that 
great, and then foul, prison. For a time he feared it would 
prove fatal, and his greatest apprehension was that he should 
die before he had given his disoovories to tho world in print. 
After tho 23rd of Novombor—he was nine weeks ill—^ho was 
oonvaloscent, and during that period he again amused and 
Bolaoed himself by composing a poem or two. His friend 
Boddoos died on Christmas Day, 1807, and on that occasion 
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ttiat had gono at ttio momozit wnon nm mma waia ponnea 
and exalted for noble ofi'cctions and great works. My heart is 
heavy.” 

In 1810 and 1811 he visited Dublin, wheare ho met with a 
most outhnsiastic reception, and tho degree of D.O.L. was con¬ 
ferred upon him by Trinity Cullego. Ho received 1,150 guineas 
for two lectures, and it was then that Cuvier wrote of him as— 
“ Davy, not yet thirty-two, in the opinion of all who can judge 
of such labours, holds the first rank among tho chemists/>f this 
or any other age.” 

After his marriage with Mrs. Aproece, in 1812, he wrote of her 
with enthusiasm to his brother John os “ a nobio creature who 
every day added to his contentment by tho powers of hor undev 
standing and delightful tonus of feeling; ” end to her ho dedi¬ 
cated hia ‘‘Elements of Cberaioal Philosophy.” .tn 1814 be 
was in Italy, and his researches while there appeared in the 
“Philosophical Transoctions” of tho Royal Society for that 
year. He studied deeply all tho marine productions of the 
shores of tiie Mediterranean; and in a letter to his brother 
says of this tour, “ I have lived much with BerthoUet, Cuvier, 
Chaptal, Vauquelin, Humboldt, Morveau, Clement, Chevroul, 
and Gay Lnssoo, and they wore all kind and attentive to mo.” 
At Elorenoe and Rome he entered upon a now subject of inquiry 
—^tho nature of the diamond, and discovered that it was merely 
orystaUised carbon. He also writes of the pleaiore with whidi 
ha saw old Pius VIII. carried in triumph into the Eternal Cilgr 
on the shoulders of the most distinguished artists, one of whom 
wae Canova. 

At in 1824 he visited Volta (the inventor of the Voltaic 
battery), then in his seventieth year. From thenoe he crossed 
the Ai tMi by the Simplon; and wherever he wandered in Itat 
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he was never idle—^the laboratory, the flora, and the study of 
antiquities affording him incessant occupation. His obsorra- 
tions on the fast oolours used in painting by the ancients, 
experiments on tihe solid compound of iodine and oxygen, and 
the action of acids on salt—usually called hyper-oxymuriates 
—and the gases produced from them, all appeared in the 
papers of the Boyal Society in quick succession. In March 
be risited VesuTiaa, and gave an interesting sketch of the 
Tisiblo strata. 

While traTolling in the Tyrol ho made the acquaintance of the 
old mountain patriot, Spockbacker, who oddly enough presontod 
him with the identical musket with which he shot thirty Bavarian 
soldiers in one day; this trophy Davy afterwards presented to 
his friend Scott, and it i.s now preserved in the armoury at 
Abbotsford. May found him and Lady I>avy in Loudon, when 
he entered on a new train of inquiry, the investigation of fire¬ 
damp, with a view to the protection of the mines in which it 
occurs, and the workmen who are exposed to its destructive 
agency—objects of \ast impoi-tauce in regard to the interests 
of bumauiiy, and which wore ultimately aocompliahed by his 
famous invention of the safety lamp, wMch was calculated, as 
his paper stated, *' for preventing explosion in mines, house.s 
lighted by gas, spirit warehouses, and ship-maguzines.*’ In 
1815 ho gave his entire attention to this important subject. 
After reasoning on ail the various phenomena and cansca of fire¬ 
damp, “it occurred to me,” he continues, “as a aousidorablo 
heat was roqixired for the inflammation of the fire-damp, and ns 
it is produced by the burning of a comparatively small degree 
of heat, that the effect of carbonic acid and azote, and of the 
Kurfi^oseof small tubes in preventing its explosion, depended 
upon their oooling powers, and upon tliuir lowering the tempera¬ 
ture of the exploding mixture so much that it was no longer 
Buflioiont for its eontimions inflammation." Uia safoty lamp 
was simply a cage of wire-ganze, which actually mode prisoner 
the flame of the fire-damp; and whilst it confined the dangerous 
and explosive flame (consuming it at the same time), perinittod 
the ait to xmas and the light to escape; and though, frpm the 
combustion of the fire-damp, the cage might become red-hot, 
yet itaetod tlio part of a saf^y hunp, and Tostrained the flaming 
element within its narrow bounds: benco the imprisoned flame 
was not capable of rising high enough to explode with the 
fire-damp without, <>r to allow the flame kindled within to i>ass 
nnoxtinguisbed. Letters now poured in upon him from ]n-o- 
prietors of mines and oulliories, expressing their gratitude fur 
ills invention. A public banquet, presided over by the future 
Earl of Durham, was given to him at Ncwcastie, and he was 
presontod with a service of plate valued at JB2,500. The year 
1817 saw his researches on the subject of fire-damp brought <to 
a close; and after visiting Orkney, he departed on a second 
Continental tour tlirongh Austria, Hungary, Vienna, along the 
shores of the Adriatic, and thence again to Borne. Of this 
journey he left an interesting journal, and during it made 
experiments on the papyri found in the ruins of Herculaneum, 
which ho published together with some observations on vol- 
uannes, having witnessed the eruptions of Vesuvius in 1819 
and Ifl^O. 

On the death of Sir Joseph Banks, in the latter year, he liecamo 
president of the Boyal Society—an office held by his predecessor 
for forty-two years. Ho continued his scientific labours, ospo- 
uially on magnetism, the liquefaction of gases, and researches 
into the corrosion and protection of the copper sheathing of 
vessels. In 1824 ho made a tour through Keanditiavia. Holstein, 
and Hanover, voyaging more than 2,000 miles. Ho was graciously 
received by the Crown Prince of Sweden, and at dinner sat on 
tlii‘ loft of the princess—^the grand-daughtor of the Emxnoss 
■fosepliino. At Altona—of which Blucher was then goverjier— 
ho visited the tomb of Klopstock; and the following year found 
him rusticating amid the beautiful scenery of Westmoroiand. 
But 1826 saw his health breaking, indisposition creeping njmn 
him, rheumatism impeding his literary labours; and then the 
death of his mother, to whom he was tenderly attached, gave 
hjm » severe mental shook that was soon afterwards foUowed 
•by a bodily one. At the meeting of the Boyal Society on St. 
Andrew's Day, it was evident to all that his discourse was 
delivered by a great effort; and fourteen days after, his whole 
Jett side was affected by paralysis, whieh came on him suddenly 
when shooting with Lord Gage. Ho immediately sought the 
old {f his friend Dr. Babington j but iu this prostrate condition 


aotnally oorreeted the proofs of his Disoonrses,” which were 
published in quarto in 1827. The 22nd of January saw him so 
far recovered as to be able onoe more to eeek the Continent. 
He crossed France and Mont Cenis to Italy, and by the kindness 
of the Vice-Legate was lodged in the Aimstolio Palace at 
Bavenua, whore he resumed his journal, his diary, and wrote 
several poems of great sweetness and pathos; but oame home 
more than ever broken in health. Again he sought the Con¬ 
tinent, visiting Austria, Flanders, thence to the Norio Alps, 
Styria, and Trieste, that, ailing as he was, ho might test the 
experiments ho had long boon meditating on the torpedo, and 
on returning to Laybooh he commnnicatod his views to the 
society. May, 1829, saw him at Geneva, where he took np 
his rosidonoe at the Hotel la Couronno. At five o’clook on the 
28th he dined os usual, and at nine o’clook aooidentally struok 
an elbow agaii^t a sofa. The effect was extraordinary; a 
universal tremor passed over his frame, and he exclaimed that 
ho was “ dying.” He was put to bod as soon as possible, but 
gradually sank into a state of insousibility, and expired at three 
o’clook iu the morning of tlie 2S)th; his eyes being closed by his 
faithful brother John. On the 1st of Juno his remains wore do- 
]iositod in the burying-gronnd without the walls, and close to 
those of Professor Pictet, where Lady Davy has since erected 
a tomb with a suitable inscription in Latin. No post-mortem 
examination was made, as ho Imd througliout his life shown a 
nervons horror of snch soarchos. By his will he bequeathed 
to the graminar school of his native town .£100, “ on condition 
that the boys were to bo oUowod an annual holiday on his 
birthday.” 

Thus, at the early ago of fifiy-one, passed away one < f the 
brightest luminaries and best men in the world of science; a 
more enumeration of whoso writings would go for beyond our 
limits. 

AGRICULTURAL CHEMTSTRY.—II. 

UY CHaULKS A. CAVEBON, H.D., FH.D. 

CHAPTEB II.—THE ELEMENTABT PARTS OP PLANTS. 
The almost infinite variety of form, colour, weight, and every 
other attribute of the multitudinoae objects in the vast store¬ 
house of Nature, naturally suggests to most minds the idea that 
the number of raw materials from which they havQ been elabo¬ 
rated must nooesBorily bo very great. We have, however, shown 
in a previous chapter tlmt such is not the case, and that the 
number of first principles is very small. A mas^ of any one 
of these first principles or elements is, there is g<^d reewon to 
suppose, an aggregation of minute particles, which, from a 
belief in their indivisibility by chemical or physical moans, are 
termed atoms.* In a strictly mathematical sense we cannot 
consider atoms to be indivisible, because matter, however 
minute in quantity, possesses weight, length, breadth, thick¬ 
ness, and extension. An atom, however, may be regarded as 
an aggregation of innumerable smaller partioles, which cannot 
bo separated from each other, at least by any power at man’s 
disposal. The Greek philosopher, Democritus, by an ingenious 
illustration exhibited intelligibly the impossibility of dividing 
an atom. Ho likened the matter of which onr earth is oom- 
poHod to the starry firmament, each member of whioh being so 
small compared with its distance from tho others and the 
immensity of the universe, may really bo termed an atom; 
for although it is composed of a number of partioles of 
matter, yet all these particles are bound together by • a 
force which no external influenoo can affect. Neither can its 
form or its distance from the other heavenly bodies be 
altered. From this x>oint of view the universe may be re¬ 
garded as a vast aggregation of indivisible and unchangeable 
atoms. 

As in the inanimate the apparently insignificant atom is 
boUovod to play the most important part, so in the animate 
creations wo find the essential functions of life discharged in 
those parts of animalB and plants which are apparently so low 
in the scale of organisation os to be all but unworthy of onr 
attention. Animate as well as inanimate matter is composed 
of small and, in a physiological sense, indivisible atoms. As 
an amorphous (unotystslline) mass of mineral matter possessea 

* From the Greek words, a,* a privative particle^ and toivno, I out. 
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only the propwtua which diitiaguish » single atom of It, bo 
idBO are there inunenBe masaeB of living matter (simple oellulor 
plants) composed of organic atonu, each of which posaeBsea all 
the propertieB which we TecognUo in their aggregated unity. 
And again, as the grouping of atoms of a particular kind of 
sabstaaoe—say carbon—into crystalline masses oausos them 


are numerous points of resemblance between the two classes of 
atoms, there is bdiered to be this imjcirtant differenoe-^tho 
inorganic atom ia conceived homogeneous, whereas the atoms 
of organised structures ore, ao to speak, heterogeneous. But 
certain botanical microacopists affirm that the coll takes its 
origin from an exceedingly minute and homogeneous x>article of 



I. Examples op Foems Assimn sv Yborabue Cells. II. Examples or Forms AsauMEn nv Woonx Fiui.e. III. Examples op 
Foohs assumed rt Starch O-aAEDLEB. 

Bef. to Noe. in Figs.—I. J, ciroular vegetable cells; 2, polyhedral form iuduced hy compression; 3, ovoid or spheroid cell; 4, stelliform 
cells; 5, angular colla. II. 1, woody fibre magnified; 2, striated and punctated Tesaels of molon; 3, spiral fibres or trachea: of planlHi 
4, lactiferoui vesaela of celandine; 6, Ubrine fibres of hemp; 6, woody fibre of the fir; 7, soalnriform voaaels of the truedem. III. 
1, arrowroot stoioh; 2, wheat ataroh; 8, rice ataxch. 


to acquire in combination propertieB whiah individnally they 
did not poaaeaa, ao the voxioua arrangementa of atoms of organic 
matter give rise to stmeturoa which manifest proportios un> 
zeoogniaed in the simple atom. 

The organic atom is simply the iMcleated odl of the vege* 
table physiologist. Its external configuration is probaUy 
similar to that of tiie mineral atom, and as the latter gains in 
weight at least ia difforent inanimate substiuwes, ao does the 
former vary in stse ia different animate bodies. Although there 


spherical form, which they have termed the cell gnrm. It is. 
however, not probable that this germ is the ultimate atom of 
vegetable anbatances, inasmuch as it is easily visible through 
the microBoope, whilst the same instrument reveala the existetico 
of plants so minute that hundreds of millions occupy the 
limited spooe at one cubic inch without interfering witii each 
other I As each of these minute organisms must he composed 
of nomwons parts or atoms, excessive minuteness of the latter 
presents on imjaisaablc barrier to all save speculatlws inquiries 
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telatir« to their size and fom. The cell mayilherofore, for the 
pnrpnsea of reaearoh, be regarded a.8 the elementary organ or 
atom of organised structures. 

Ihe cell consists of a little bladder formed by an elastic trans¬ 
parent and extremely thin membrane. The cavity sontfuns 
eemi-liquid and sometimes gaseous matters. The trail of the 
cell is apparently devoid of definite stmetoro; it is composed 
ohiefly of eeUytlose, a substanoo resembling starch in composi¬ 
tion. On the inner side of the cell there is a thick, mnedago- 
like substanoo, termod protoplasm or formative layer. In the 
cell there is a small spherical, termed tlio nucleus, which 
oliMely uivests a smaller body—according to some, a cavity— 
Oldled the nucleolus. The nucleus and the protoplasm are 
destined to form into now cells. 

The shape of cells is inflaonend by the condition under which 
they arc developed. When their growth is unopposed, or when 
they are exposed only to gentle and erinablo pressure, their form 
is most frequently that of a sphere or spheroid. Owing to 
unequal pressure, colls, however, are found to present a great 
Torioty of forms, many being inbe-liko. The engraving in the 
preceding page (Fig. 1.) exliibits the varied forms assumed by 
calls. 

Wood is in greot part composed of tubo-liko cells. When 
the tubes arc very long and narrow, they are termed vessels. 
Cells vary mnoh in siso; sometimes tliey are easily recognisable 
by the unassisted eye; but in general they are at least only 
the one-thousandth of an inch in diameter. 

In the lowest forms of vogotable lifo the cells are all but 
nnoonnooted, and all perform the same functions; but in the 
higher forms of jdauis they coalosco and form stmeturos, each 
of which discharges a differeul function in the economy of the 
plant. The least organised plants ore termed celluiars. In 
those lowly forms of vcgotablo life tho colls touch, each at a 
limited number of points, forming intormodiato spaces, termed 
inUrcellvXar canals or passages. Compact tissue is produced 
when tho colls lie close togotiier. In tho higher plants there 
are both hose and compact tissno. Tho majority of physio¬ 
logists behero tlmt thoro are numerous minute pores in tho cell- 
walls I a very probable hypothesis, for otherwise it would bo 
difficult to account for ^o fact that gases and liquids pass 
through the cell-walls. 

important food substances, stavcb and albuminoid bodies, 
are found in colls. Tho former, according to Mulder, is com¬ 
posed of nuclei, in which matter destined for tho nutiition of 
the offspring of the plant is stored up. Tho engraving (Fig. 
m.) represents tho various apjHHiranco of sumo of tho starch 
gtamules contained in cells. In the cells we also find tho 
matter termed chlorophyll,* which confers upon plants thoir 
green colour, llte oircnlation of tiio juices of tho plant is 
oorried on by moons of the collular tissne, and in thousands 
of speoies the circulation is sololy carried on through this 
agency. Owing to tho looseness of tho cellular tissne, and 
to the tenacity of tho individual cells, those structures render 
plants strong and elastic at tho same time. 

Tho substance of which cell tissue is formed is supposed 
to Consist of extremely minute round bodies placed side by 
side, leaving very minuto spaces between them. In young cells 
the tisBUO or moml>rano is extremely thin, and is translncent j 
but after a time it generally becomes thiuker and more opaque. 
Chemically, the membrane is composed of carbon, hydrogen, 
and oxygen, and is silmost identical in composition with starch. 
By chemioal treatment it is readily oouvertod into a spcnics of 
sugar. In certain parts of numerons plants tho coil-wall is 
lined with a very hard substanoo, termed sclcrogen, which 
appears to be almost, if not quite, identical in composition with 
the eoll-wnll. The hardness of various kinds of nuts is due to 
tho Bcletogen in their cellular tissue. Tho hardness of wood is 
in great part dne to the solorogen or lignine oontainod in its 
cells. Cellulose occurs nearly pure in older pith, cotton, and 
linen. It oonstituted the’ oelobrated papyrus or paper so 
extensively employed by the uiaient Egyptians and Greeks. 
Examples of varieties cd! plant-fibre are given in Fig. II. in the 
preceding page. 

■ Slemmtairy fibre is identioal in eomposition edth elementary 
Mmbrane, <m the side of whieh it is deposited from ihe proto 
'ptaarn. It is solid, body generelly rounded, and almost adwuyi 

* From the Qraak aktotef, gteen, andphyOen, a IssL 


transluoont or transparent. Its fonotion is to sustain. the;- 
elementary membrane, and to prevent any of its folds trom, 
coming into aotnal contact with each oihor. In fibro-oeUidu'' 
tissue we find ooUs having one or several fibres wound in ft 
spiral dirootion round its inner side. As the sides of cells oon> 
taining fibres are kept well apart, they are generally found to 
oontain air. 

Woody fibre consists of long tubes (formed from ooUs) having 
tapering extremities; their ends overlap oach other. Iliey are 
more or less filled with sclerogon or lignine. This kind of 
tissno is partionlaTly abundant in forost trees. 

Vascular tissue is found only in tho higher forms of vegetable 
life. It consists of long unbranched tiil>es or ducts, which, 
however, are only a series of ooUs opening mto each other. 
These tubes ore bcliovod to bo chiefly employed in convoying 
air throughout tho vegetiblo mechanism, and they may bo 
regarded as somewhat analogous to tho lungs of animals. 
Woody tissno is a species of vascular tissue, and so also are 
the branched tubes termed lactiferous vessels, in which tho 
nrilk-Uko liquid found in certain plants is contained. 


MINERAL COMMERCIAL PRODUCTS.—III. 


.LEAD. 


This metal, the heaviest of tho ^,§or metals (ep. gr. 11‘45), is 
soft, easily fused, and very slightly sonorous. It is largely u.sed 
in roofing, lining, plumbing, and ballot and shot making. It 
also enters into tlio eomposition of powter, solder, and tyi)e- 
ractal; and in its chemical combinations it forms litharge (the 
oxide), a yellow paint; red load (rod oxide), a cheap snbstitato 
for vermilion; whito lead (carbonate), manufactnrod on on 
immense scoJo for the painter; and sugar of load (the acetate), 
of great value to the chemist. Thuso substauocs aro highly 
poisonous. 

Tho most abundant and important of tho ores of load is 
galena, a sulpbido of tho metal, yielding 86 per cent, of lead, 
and almost always containing silver, which is sc]jaratod when 
tho quantity is not less than four ounces to tho ton. The 
other ores are: tlio caihonate of lead, tho vanadiate of lead, 
the cupreous sulphate of lead, and the arsenio-phosphate of lead. 
Galena is found very abundantly in tho limestones of tho Car- 
boniforona sorics, and to a loss extent in older rocks. Its 
reduotiun is offoctod by pounding, washing, and smelting in a 
reverberatory fuiuaco. Lead-mining is curried on in Britain 
(Northumberland, Cumberland, Durham, Derbyshire, Flintshire, 
Cornwall, Isle of Man, and Lead-hills), also in Spain and Portu¬ 
gal, Franco, Belgium, tho Harz Mountains, Saxony, lUiine 
IVovinoes, Bohemia, Corinthia, Hungary, Norway, and Sweden; 
Altai Mountains, China, and Indo-Chinese Poninaula, South 
Africa, Poru, California, United States, and Canada. 

Tho annual supiily of lead from tho different ooimtriea of 
Europe ib— ■ 


Tona. 


Tons. 


Britain. 67,000 

Austria (with litharge) 0,800 
Zollvcrein .... 38,803 


Spain.313,000 

Sweden. 500 

Ftanco (metiiquintols) 20,000 


_znic. 

This metal, of a bluish-white colour, and speoifio gravily 
about 7, has tho remarkable peculiarity of being malleable and 
duotilo only between the temperatures of about 250“ and 300“ 
Fahr., and of retaining its mdloability when cooled. It forma 
a oh«xp substitute for many of the applioationa of lead, euoh 
as tanks, pipes, roofs, and for bronze in ornamental works. 
It enters into tho composition of brass, and is now exten¬ 
sively employed in domestic manufootores, printing, engraving, 
sheathing of ships, ooating of galvanised iron, eleotrioal appa¬ 
ratus, and modioino. Its oxides form valuable white ud gcqy 
paints. 

The principal ores of zino are, calamine, a oarbonate (ZnO,CCO; 
blende or blackjack, a snlphide; and a silicate, or eleehic ea^ 
mine. They oecur often in association with the ores of Icftd, 
and frequently with the ores of copper and tin, ohiefly in BmS* 
stones of the Corbonfferons and Devonian syatoiOB. The pnic 
metal is obtabied ^ roasting and distillation, as it is very 
volatile at a red heat. The ores sjre largdy worked in BeMonq 
Siloria, Shine ProvincM, jand'Bnngaty. is also ptodoMS 
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fat ilintahire, Derbysmte, Cumberland, Cornwall, DaTon, ^ 
land, WaJee, Isle of Man, Sweden, Bohemia, Carintbii^ Spa^ 
Ears, Canada, NeV* HamiMhirc, and New Jersey, in wMoh 
Iasi place the metal ooouis in the mineral red aino ore, an 
oxide of zino. / 

Ihe aTerage annual production of zino from Enrope and the 


United States is: — 

Tom. 


Ton.. 

Britain ..... 

. 4,160 

Sweden (ore) . 

. . 10,000 

Silesia. 

. 36,000 

Zollvcreiu . , 

. . 76,000 

Austria . 

. 1,.600 

Bc}q:ium . . 

. . 16,000 

Bpalii ..... 

. 1,000 

United States . 

. . 6,000 


ALUMINUM. 



I This metal is white, resembling' silver, and is of low specific 
> gravity (2’Q). It exists abundantly in Nature os tho metallic 
base of argillaceous and fclspathic rocks, which are silicates of 
al'omina, and as sulphate of ahrmina, on important constituent 
of tho alums. The pure metal has lately been obtained in 
<inantities available fur manufacturing purposes ; and from its 
extreino lightness, its freedom from tamfthing, and its sono¬ 
rousness, it promises to bnoomo a most useful product. Tho 
metal can be separated from tho earth alumina, or from 
the chloride; but it is obtained economieally only from 
Cryolite, a double fluoride of aluminum and eodinm, found in 
Greenland. 

ANTIMOKT. 

Antimony is white and brittle, with a specific gravity of 6*8. 
As a simple metal it is not used, but iJt forma valuable alloys. 
With lead and bismuth it is largely used in tlio preparation of 
'type-metal, whieh consists of G parts of lead and 2 of anti¬ 
mony; ■with lend and tin for plates on which music is engraved, 
and with the same for stereotype metal. A small proportion of 
antimony combined with tin forma hard po-wter; and -with tin, 
bismuth, and copper, the white or Britannia metal. It is also 
very extensively employed in medicine. It occasionally occurs 
in a pure state, but usually combined with sulphur, or sulphur 
and lead; it U also found in combination with arsenic, and 'with 
nickel, silver, and copper. 

Orey antimony, a tersnlphide, affords nearly all tho antimony 
of commerce. It ia found in Hungary, Saxony, and tho Harz, 
Bolginm, Franee, Italy, Spain, Siberia, Mexico, Malacca, the 
' Indian Aj^ihipelago, and was at one period produo^ in oonsidor- 
able quantittes in Cornwall and Dumfriosshiro; but now the 
' principal port of our supply of antimony is from Borneo au^ 
the East IndieB. 

Central Italy famishes 700 tons; Spain, 58 tons. 

BISMUTH. 

Bismuth* is a brittle reddish-white metal (ap. gr. 9'9) which 
fuses at a very low temporaturc. It fuses still lower in com¬ 
bination with load and tin, with which it is used os a solder, 
and with which it also forms the metal callod “Newton’s,’' 
fusible at tho boiling-point of water. It enters, too, into the 
composition of Britunnia metal, pewter, and type-met^, and is 
of some use in modioine. It is found, tolerably pure, usually 
associated 'with ores of tin, copper, and silver, in Cornwall, 
Eranoe, Bohemia, Saxony, and Sweden. 

COBAI.T. 

Cohalt is a white, brittle, and very tenaoions metal. Its 
speoifio gravity is 8'5, and it is strongly magnetio. It ia very 
nsefnl in its cliomical proparations as producing fine oolouiing 
•ubstanoes, chiefly blue, such as smalts, oobol't-altramorine, and 
1 saffra or aafior (a corruption from sapphire). The principal 
t ores ore eobolt-glanoe, a combination with orseiuo, the black 
oxide, and oobalt-bloom; they are found in Norway and Sweden, 
'iSaxony, Hungary, Bhoniah Proasia, and the United States/ 
The annual yield of zaffre or smalt amounts to, in Saxony, 
8,000 owi; ^hernia, 4,000 owt.; Prussia, 600 owt: Norway, 
■4,000 cwt 

HIOXBU. 

This metal is also found ooinHnod with arsenic. It is white, 
malleable, and but slightly affected by air and moisture. Its 
spociflo gravity is 8‘6, and it is magnetio until snbjoctod to 
great heat. With copper it forms German sBrer, and its 
alloys form esoeUent bases for oleotro-platiiig. JL fine green 
aplonr is ohtslnsd from its prepatationB. Ni(A:el has been 
. wiad in thh United States for coin. Its chief ore, *' kupfer- 


niohel ’’ or speiss, often aasooiatod with cobalt, is found inf 
Westphalia, Saxony, Hesse, Hungary, and Sweden. Nlolceli 
oconrs in motoorio iron. 

ABSBMIC. 

MetaHio arsenie is grey, highly Inatrons, crystalline, and 
brittle (sp. gr. 5‘7). 'The oraouio of medicine is the white oxide, 
or arseuious acid, a virulent poison; this is also largely em> 
ployed in preparing some of tho finer skins end furs of Bnssia. 
This metal enters into the composition of some valuable pig. 
ments, especially a brilliant green and an orange rod. It ia 
also combined with lead in tho manufacture of shot. Arsenio 
ia ratliec widely diffused; and although sometimes pure, it is 
usually found combined with other metals, 'with sulphur, and 
with oxygon. Tlie chief amount is obtained from tiie arsenides 
of iron, nickel, and cobalt, and tho supply ia chiefly derived 
from Bohemia, Hungary, fiaxony, Salzburg, Transylvania, Bhine 
Provinces, and France. Scalgar, a rod sulphide (AsS,), is found 
in Bohemia and Saxony; and iirpimcnt,nuothet sulphide (AsS,), 
a fine yellow, in China and South America. 

Aritcuic is also ]>rocnTurl from the tin mines of Cornwall;/ 
the produce of the metul from this source for 1866 being 
1,116} ions. 

MANdAKBSE. 

Manganese oxidises at ordinary temperatures, and is never 
used ill tho arts in tho x'urc state. It is of a reddish hue, 
brittle, so hard as to scratch glass, and has a spocifio gravi^ of 
7T3. The binoxido (MiiO,') ia an important article of com¬ 
merce, largely employed in glass manufacture and for colouring 
pottery, and by tho chemist in tho preparation of oxygen. 
Sulphate and chlorido of manganese are used in calico printhig; 
tho former gives a valuable brown dye. It is found that a 
slight addition of this metal much improves tho cost steel made , 
from British iron. The principal ores of manganese ore Pyro- 
lusUe and PiUomelane, both binoxides, tho former anhydrons, 
tho latter containing 1 per cent, of water. Wad, an impure 
manganese ore, may bo employed, like the prcoodiug, in bleaoh- 
ing, and also for umber point. Manganese ores are procured 
from tho Harz Mountains, Piedmont, France, Spain, Nova 
Scotia, Somerset, Devon, Isle of Man, and were formerly ob* 
tained from Cornwall, Italy, oto. / Britain produces 5,000 tons. 

CHBOMIUM. 

This metal, in its pure statu brittle, difficult of fusion, and, 
like iron in colour, is important in tho arts for the beautifal 
colours produced by its combinations. Tlio most important of | 
those ore tho sosqnioxido of obrominm, a fine green, biohromate' 
of potash, and bichromate of lead, yellow and orange. The* 
principal ores are chromio iron (chromate of iron) and ohromate 
of lead, the former ocenrring nsnally in serpentine rooks in the 
Shetland Isles, France, Norway, and tlio United States, and the 
latter in Siberia, the Urals, and Brazil. 


TECHNICAL DRAWING.—IV. 

LINEAR BKAWINO BY MKANH OF INSTRUMENTS (continued), ^ 

BETUUNiNa now to -the practioe of drawing by means of 
instruments, a useful series of examples is hero given for the 
student’s use. « 

’Tlie snbjoet of which Fig. 12 is the plon and Fig. 13 'the 
section, is a network jdatform for a foundation whore tlio soil ia 
of a soft character, and liable to be pressed outward by the 
weight resting upon it, but still not sufficiently so to render 
absolute sheot-pBiug necessary. Strong piles (ccec) are driven 
down to the firm soil, and -those axo connected by horizontal 
plonks (e e), placed on oouh side and bolt^ through the 
piles. 

Now in the space left between these planks a -wall is formed 
of timbers, dddd, which are driven down by haad-iamming, 
not extending downward further than the riroamatanees moff 
render neoeesary. 

These planks are jointed in vuriona ways, wilh some of ■whidi 
yon will become acquainted in tho study of “Building Con* 
structionFig. 14, rebated ; Fig. 15, splayed at one edge and 
reeessed at the other; Fig. 16, ploughed and tongned. In Hie 
example, the tongue is shown eqnaxe and tapered, and in F^. 
17 it is worked in the dovetail form, whilst Fig. ISshom iliw 
planks joinod by an inserted tongue; 







THE TBOHNIOAL EDHCATOIL 


XTov, to draw this serifls of exuaplee— 

First draw the piles, eeee (Fi|r-1^)> and oontmoe the liaes 
forming the edges of them, so that these may give yon the 
sides of the piles shown in the section (Fig. 13). 

FText draw the top of the wall of planks between the piles, 
and in the example it will bo seen these ore one-third the &iok- 
nesB of the piles; therefore, divide the edge of one of the piles 
on esich side into throe eqnal parts, and use the middle division 
for the thiokuosB of the wall. This thickriess, again, projected 


»Building Oonstmotioa.’* The outs {Pigs. 19, 80, 81, and 88) 
are here_ introdnoed in order that they may be ua^ ea stndiea 
for drawing and shading. It may, however, be well to infocm 
you that the pmnte of the single or comer pOes (S%. 19) are 
four-square, whilst those of sheet-piles ore only bevelled from 
fuio sides, and the edge is out so as to shuit downwacds 
(Pig. 20). 

Hies are generally worked of square timber, and if the trees 
admit of it, those which are to be rammed entire^ into ths 



upwards, will give the elevation of the edge of the planks (d d). 
Now outside and indde of the piles draw the tying-planks, 
sees, and project ^em on to Fig. 13, eeee, where it will bo 
evident they will appear as seotions. 

Next draw ttie lower oourso of tQeepers, a a a a a, and the 
etevailon of them shown at a, in Kg. 18; then follow in their 
order the upper course of dhbpeis (bhh t>), their projeotiou in 
Motiou (hhh h), and in '^eae lest the flooring of the platform 
wldoh hu not boon shown in the {dan. 

^Che diffsTenee in the form of &e {dies when ueed separately, 
OT «t angles of femndations, and those called dieet-piles, will be 
fully described when treating of the principles of foundation in 


ground are mostly slightly tapered downwards throughout their 
whole length, end are shod with iron at their points (uhlesB the 
piles be smaU and the ground not very hard); and an iron ring 
is placed around the upper end, to prevent the piles from 
splitting by the violenoe of the blows neoessary to fesrae ttiom 
down. 

Sometimes, however, ihe piles which ^ to be diivwt quite 
below ground may be need without squaring; two lUustraMinis 
of such (Fi^. 21 and 22) are here given, to afford practice in 
fading oylindrieal bodlee. 

Slaving pencilled and inked the outlines ot the four pOas 
shown in example, wash over the part rsprosenting wood 
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wUSi • pale tint at law aienna. £a the two aqnare pilea this 
amah ina^ ba peifeotly flat, bnt in tho round pilea the tinting 
must be in aooordanoe with the foim. 

It will be evident that when a cylindrical body ie placed np> 
tight, the light will fall in a atream straight down tho part 
whioh projects the most, and this part most, therefore, be 
preserved os bright os possible; in fact, there mnet bo a per* 
feotly white streak extending all the way down. 

To effect this, you must use two bmshes, tho one rather 
larger than the other. Take some colour in tho smollor one, and 
dip tiio other in water; touch the points of both on another 
piece of paper, so that they may not be overcharged, and by 
gently taming each ronnd as you draw it along the waste paper 
you will bring tho hairs to a point. 

Kow commence by drawing tho brush containing the colour 
down tho left side of the round pile, carefully avoiding pa-sshig 
over tho lino by whioh it is bounded. In this way colour a 
strip about one-eighth of an inch wide ; do not leave a pool of 
colour, but merely tint tho paper. Before this has time to 


The rammer, whioh is made of beech or other hard wood, 
should be tint^ of a lighter colour thou t^t given to the 
guide-posts. 

The pile is to be colonred and shaded as in the previous 
examples, bnt yon will observe that there is on it the ehadow 
oast by tho rammer above j this is called the “ cast-shadow,'* 
and must not have its lower edge emoothenod off, os the ehaip 
edge of tho bottom of tho rammer will cause the ediadow oast on 
tho cylindrical pile to be very well defined. 

Fig. 84 is tho front elevation of the some object, and will 
give further practice. The stndent is urged to observe ths 
forms and tones of shadows oast by different objects; this ho 
eon easily manage—a oubical piece of wood or two, and a cylin¬ 
drical piece, may be disposed in hundreds of ways, eaoli affording 
a new study, ^lis is the only way to gain real practice; for so 
long as the pupil only copies, ho is merely repeating other men’s 
works, and will only gain manual practice; whilst hy studying 
and makwig his own obseniations he snll he laying up a store of 
iiformaiion of which he will hourly find tho value. 






become dry, tnko your wator-bmsli, and pas.sing tho point down 
the inner side of the part yon have coloured, soften tho edge 
away so that tho colour may merge gradually into the bright 
white. Leave abont tho eighth of an inch quite dry, then pass 
your water-brush down, and next to this the colour, so as to 
prodnoe tho effect os on tho other side; tlio colunr becoming 
gradually fuller os it becomes further removed from the 
light. 

WbUst the dark strip is etill moist, wash off its edges, and 
merge it off into tho local colour of the pile, and tin-) should bo 
done BO gradually that os yon ought not to be able to discover 
where the white light merges into the raw sienna, so yon shonld 
not he able to disoem the meeting of that colour with tiie sepia; 
bnt do not work your brushes up and down so os to produce a 
sleek or woolly eflteot. Tho shading and tinting should be bold 
sad eleax: a little practice will enable yon to aocomplisb this. 
Yon are therefore advised to repeat each studies until yon 
snoceed. The iron shoe of the pile will, of oonxse, be oolonted 
with pale indigo. 

Fig. 28 will afford another example for oolonring and shading. 
The drawing represents the side elevation of the monkey (or 
nmmer) and guide-posts tit a simple pile-driving niaohina, with 
head of a ronad pQe. 


Tho shading is to be done in sepia; in tho square piles this 
will simply consist in tinting the shaded sides with a flat tint. 
In tho round piles, however, the shading must bo managed in a 
similar manner to the colouring; dipping your niiddla-sixed 
brush into tho sopia, colour a strip the whole length of tlio pile. 
This darkest pari, however, yon will observe, is near, bnt not 
really on the outer odgo of tho cylindricol body. Further to 
the right side, you will notice the shade becomes lighter, and 
this is called the reflected light. 

It may happen with beginners that tlio tints may not dry 
qnile as smooth or as flat os they expected—irregularities, dark 
patches, or light spots, may appear. In tho one case, a brush 
just moist shonld be worked over the dark pari, by which means 
some of the snperflnons colour may be amoved, fa some cam 
it may be necessary to mb the spot with a soft piece of india- 
rubber or bread. If neither of ilieso prooesses ia enocoeefnl, a 
aponge should be drawn over the whole, and the work repeated 
when dry. In cose of light spots appra.ring, they shonld he 
tonehed with the point of a brush oontainfag colour; bnt care 
must be taken that only the light spot is tonohed. ^is is 
oslled stippling, and shonld only ^ ns^ as a remedy. Tinting 
and shading shonld slways be done in aa tree and bold a manner 
as possible. 
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YBGETABLE COMMERCIAL PRODUCTS,—II. 

■'AsiMA.caovB FLAKTB (continue^. 

(e.) The Leguminosa (Pulte Family). 

This giMt aittunil ikmily oi plants oontains nameroas spooies 
vitii Trholesomo nutritions se^s, wliioh, under the general term 
jmlse, form important artioles of eommerco. These legumoa 
oomprUe. in temperate climates, the Common Pea (IHsum 
sativum, L.), tlm Horse Bean (Paba vulgarit, MoCTch), the 
Harioot or jf^rmioh Boon (Phaseolus vulgaris, Sari), the Lontil 
(Srvwn lens, L.); and, in tiie tropica, the Ground Hut (Araehis 
hyiiogosa, L.}, the Chiok Pea (Cieer ariuKnum, L.), and the 
^rob Bean, or St. John's Bread (Ceratonia siliqua, L.). 

The legumes of temperate climates are familiar plants, and 
their mode of culture well known. Peas, beaus, and lentils are 
grown in groat quantities in Poland, Prussia, Pomerania, -Ben- 
mark, Plast Friesland, and other countries. I'bey create con- 
siderable business in tlio large sea-port towns on the Baltic 
and German seas, whole cargoes being brought to those places 
as provisions for ships. In 18G6, 1,211,835 cwt. of peas were 
imported to this country, chiefly from Prussia and British North 
America; and the same year, 1,334,173 cwt. of beans wore 
reoeiTod, of which 615,913 owt. wero from Egypt, and the 
remainder from other countries. The tropical species of pulse 
are not bo well known, and require description. 

Gbqphi) Not (AradUs hypogesa, L.).—This plant is culti- 
TafeS^ in Amerioa, in the Sonthem Status, and forms an impor¬ 
tant artiolo of food in many ports of Africa. It is a low, 
ereopi|ig plant, indigenons to tho western coast of Africa, with 
yellow flowers, having the general appearance of a dwarf garden 
pea, although more bushy. After the flowers drop off, and the 
pods begin to form, the stalk or support of tho pod elongates, 
ihrmting ike pod under ground, where it comes to maturity. 
The seeds oontaiu a oonsiderable quantify of oil. They aro 
roasted in the pods, and are sold in tho United States in largo 
quantities, being a favourite dainty with children. This plant 
is very prolific, and in worm climates requires bnt little care 
and attwtion in its oulture. In the green state it is greedily 
devoured by cattle. 

CabO|B Beak, or St. Jobn’b Bbkad (Oerafonia siliqua, L.).— 
The'Simb tree is peouliarly Onentol, and abundant in Palestine. 
It bos largo pods, the seeds of which are enveloped in a sweet, 
nntritiona pnlp. It is supposed to be the locust bean on 
which St. John the Baptist fed when in the wilderness. This 
tree is oommon in the levant and tho south of Europe, where 
its beans ore used as food. Most of the oorob beans imported 
into this country oome from Sioily and Naples. During the 
Peninsular war the horses of tho British cavalry were frequently 
fed on those beans. 

CBI.qx Pi^ (Cieer arietinum, L.).—This plant is a native of 
Sonthem Europe and tho East. Its seeds ore parched, and in 
Spain are sold in the shops for food. They ore also abundant 
in the bazaars at Calontta, and, under tho name of gram, ore 
Bold am food for horses. Every part of this plant exudes 
; oxalic acid, and it is used by the ryots of India in tbeir currioa 
i instead, of vinegar. When roasted, it is said to snstoin lifo 
longer than other food in similarly small quantities; hence 
It it muoh used by travellers through tho deserts, whore the 
oaixiage of bnlky food is inoonvenient. 

n. tan BTABOHBB OF COKMKKCE, AND THE PLANTS WHICH 
PKODDCB TKNU 

Starch is an abundant product of the vegetable kingdom, and 
is in 1arg« demand for domestic and manufacturing purjmscs. 
It exis^ in all mealy farinaceous seeds, fmits, and roots, differ¬ 
ing in its appearanoe according to the plants from which it is 
. obtained. Starch is the nutritive matter of plont-s, and is 
I .changed by light to ddorophyll, and by oxygen to a sugary gum 
I called diastase, wMoh it carried into the circulation for tho 
l.aupportof the new growths of plants. Starch is turned bine 
^ fay iodine, on excellent test for detecting its presence in plants. 

Aakowsoot jPuNT (Itaranta arundinaeea, L. ; natural 
ceder, Marantaeea) is a native of tropical Amerioa and the West 
Jgsdleii. In arrowroot, tapio^ and sago, starch exists in a 
atats of almost absolnte pori^. The arrowroot plant has 
iaagBi heikaceous, very ^^molyftriped leaTes, and tnberous 
xoiOtB, whiik abound in feonla or etoroh. ^heae roots are 
faxuiaaA thrown into a vosad at water, and wril stirred, when' 


the fibrous portion comes to the surface, and is rejeotsd, tiM 
starch settling at the bo^m of 'the vessel os soon os the Atiid 
is permitted to rest. This, after repeated woshingB, k dried ia 
the son, and oonstitntes the arrowroot of oommetoe, so mnifli 
employed os a nntritive diet for invaUds and young ohildxen. 

ZanUa integrifolia, Wild. (Coontie) ; natuz^ order, Oyead/tm. 
—Ah arrowroot is now manufactured at Key West, in Bimth 
Florida, from the stem of this plant, which ia short and 
globular, and al&onnds in storoh. 'Hus .oycod, whi(k was colled 
by the Indians coontie, grove abundantly over on immense area 
of otherwise barren land. These manufaotnros bid fair to 
become as extensive and profitable as those of Bermuda, from 
whence at present our chief supplies of arroirroot ore received. 

Tone-lemois, the starch of the rhizome of a species of oonna 
(C. coccHiea ?) ; natural order, Marautaecm. —This storoh re¬ 
sembles a fine quality of arrowroot; but tho granules are much 
larger than those, or of any known starch. Tons-los-mois 
comes from the island of St. Kitts, and is only usod os food. 

Tapioca Plant {Manihot uHlissima, Plum.; natural order, 
Euphorbiaceai). —Tapioca is another form of starch, obtained by 
grating and washing the roots of this plant, whioh, under 'the 
name of nionioo or cassava, forms a most important article of 
food in South America. This washing removes a norootio ' 
poisonous principle -which exists in tho sap. Tho Indians dissi¬ 
pate it by heat, simply roasting the root. The s-tarch -thus 
washed, softened by boat, and afterwards granulated, consti¬ 
tutes tapioca. The ungranulated starch is the Brazilian arrow¬ 
root of onminoroe. The ^tapioca plant, in its native olimo, is a 
shrub about five feet high, with roots whioh, when ripe, ore 
about os largo as a Swedish turnip, containing large quantities 
of this nutritive starch, and weighing sometimes thirty pounds. 

Tho common starch of tho ehops, used in domestio economy, 
is obtained from wheat, rioo, and potatoes, and ia almost, if not 
entirely, home-manufactured. 

Saoo Palus {Saguerus Rumpliii, Wild.; and Bogus Icevis, 
Goertn.).—Sago ia obtained from several species of palm. The 
sago of couimorco is, however, chiefly produced by those two 
plants. It ia obtaiimd from tho cellular tissue, or pith, in the 
interior of the trunk. 

Tho sago palm produces, like rico, a chief means oi nourish- 
mont for millions in warm climates, since sago powder ia gene¬ 
rally used for making brood. It grows in the south of China, 
Japan, and all over the East Indies, but principally in the islands 
of tho Indian Archipelago. This palm generally grows in swampy 
ground, where it flourishes best, a good plantation, being often in 
a marsh, selected for that purpose. Its trunk is from five to six 
feet in cizcnmforenoe, rising to a height of about twenty feet. 
The pith, from which tho sago is obtained, is of no use until 
tho tree ia fourteen or fifteen years old. A singlo tree is said 
to yield from five to six hundred pounds of sago. 

Most of the sago imported into -the United Kingdom oomes to 
us in its granulated form from the island of Singapore, where it 
is manufactured as follows i—^The pith, whioh is soft, white, 
spougy, and mealy, ia first removed from the interior of the 
stem, then bruised, and put into large tubs of cold water; tho 
woody particles of coarse float, and are easily removed, and the 
weightier storoh or sago powder settles at the bottom of the 
vessel. Tho water is then poured off, and the dried sago xmwder 
passed through small sieves made of tho fibres of the palm leaves. 
In passing through those sieves, the sago powder acquires its 
granulated oharaoter. The preparation is then finished, and 
lito sago is ready -to be put into boxes, or placed in bags, foe 
sbipment. 

The exports from Singapore in tho year 1847 exceeded 
6,500,000 lb., bnt are now munh larger. 

Sago is insoluble in cold water, bnt by boiling becomes soft, - 
and at last forms a gelatinous solution. In England it is mu(flt| 
used for puddings; and as it is both nutritive sad easy af| 
digestion, it constitutes on excellent article iff diet for thp: 
invalid and the oonvalesoent. 

A great deal of Gorman or potato sago, from the momlso- 
tones of Vienna, Nuremberg, Sobweinfurt, Brftcrt, BkDs, eta, 
comes into the Eurhpeon market, ,and it is -with diffiool^ dis¬ 
tinguishable foom the real East Indian sago. 

111. PLANTS nXUHNO SPX01I8 AND CONDIVNNXB. 

. Zeylanicnm, Neea; natimil e rf eP , 

piort an evergreen sonxiui^ tees, sfaMtl 



TEGETABLB OOMMESdAL PBODUCTS. 


Ibirly foet in heiglit, and indigenons to the idand of Cejion., 
Its usTea are oval, smooth, entire, irith three prominent oorvi* 
ribs On the under suiiaoe. The young lesvee are at first 
t^, but change gradoaily to a yellowish-green, poesessing the 
same flavour as the bark, but in a less degree; flowers panioled, 
white, wi& a brownish centre, devoid of fragrance, and about 
the same size as those of the lilac. 

The inner bark of this tree constitutes the cinnamon of com¬ 
merce, and the young twigs furnish the best. After the trees 
are nine years of age, the twigs ore out annually in the month 
of May, by the cinnamon poolers, or Choliahs, as they are called 
in Ceylon. This is done with a sharp iron instrument. The 
bark is removed by making a longitudinal and then a transverse 
incision into the shoot, inserting under the bark the point of the 
.peeling-knife, and raising the handle of the k^tifo as a lever. 
The next day the inner fibrous bark, in which resides tlio 
delightfnl flavour of cinnamon, is easily removed from the outer 
bark, and this, as it dries, curls up and forms quills. Before 
those quills become quite dry, hard, and brittle, the smaller uro 
inserted into tlio Inrgor; si)ace in x>aoking is thus saved, and 
compact sticks arc formed, which are not so liabio to breakage 
as the single quills. Thu wood from which the bark has been 
removed is sold for fuel. 

“ After hearing so much about the spicy galo.s from Ceylon,” 
says Bishop HeW, ” I was much disappointed at not being 
able to discover any scent, at least from the plants, in passing 
through the cinnamon gardens. There is a very fragrant- 
smelling flower growing under them, wbjph at first led us into 
a belief that we smelt the cinnamon, but we were soon itndo- 
ceivod. On pulling off a loaf or a twig, one porceivoa the spicy 
odour very strongly j but I was surprised to hoar that the flower 
has little or none.” 

Since neither the loaves nor the flower of tho cinnamon-trco 
give forth any smell, it is only when the season arrives for 
gathering bark that tho visitor to the gardens will enjoy the 
perfume of this plant. A walk through tho cinnamon galena 
during the busy season is truly charming. The grove is then 
full of fragrance, and a scone of cheerful industry. Everywhere 
are to bo seen gronps.of Cingalese pooling tlio twigs, whioh they 
do with astoiushing quickness, making a great dra.1 of money 
whilst the season lasts. Tho Choliahs form a distinct caste, and 
are considered very low, socially, so that, according to Cingalese 
notions, it is fiersonally degrading for any one else to follow tho 
business. Tho largest of tho cinnamon gardens in Ceylon is 
that near Colombo, whioh covers upwards of 17,000 acres of 
land. 

Cinnamon-trees are preserved with tho greatest care by their 
proprietors. By the old Dutch law the penalty for catting or 
injuring thorn was amputation of tho band; at present a fine is 
imposed upon tho delinquent. 

In 1806 932,729 lb., and in 1807 859,034 lb. of cinnamon 
were imported into this country, a great port of which wo re¬ 
exported to onr colonies. Considering tho extreme lightness of 
cinnamon bark, this is a large quantity. Cinnamon is usually 
brought homo in bags or bales of eighty to ninety pounds 
weight. The best comes from Ceylon, but tho cinnamon-tree 
grows plentifnlly in Java, Sumatra, Malabar, and Cochin-China, 
and it has been recently transplanted to the Mauritius, tho 
Brazils, and Guiana, and to the West India islands of Tobago, 
Guadalonpe, Martinique, and Jamaica. Tho cinnamon produced 
in. the West is, however, not so good as tho Oriental. 

Cinnamon is an aromatio tonic of an agreeable odour and 
taste, whioh acta as a grateful stimulant or oarminativo, creating 
warmth of stomach, removing nausea, exxielling flatulency, and 
relieving colio or intestinal pain. It owes those properties to 
tho volatile oil which it contains. Cinnamon u roach employed 
as a condiment in culinary preparations, and is also frequently 
used for flavouring and disguising unpleasant medicines, or as 
an adjuvant—that is to say, an assistant. 

. Cinnomomutn Cassia seems to be the chief source of the 
Casfto 'Ngnea, lot bastard cinnamon of commoroe. This plant 
differs from the true cinnamon-tree in many partioulars. Its 
leaves are oblong-laneeolate, and have the taete of cinnamon, to 
whioh also ita l^k bears a great rosemblonoe, but is thicker, 
rougher, denser, and not so agreeable in flavour. It is oulti- 
vated in China, and is imported from Canton, ml Singapore, in 
ehaats Mmilar to those in which the tea is packed, 849,349 lb. 
at OosstaUgnsa were uuported in 1808. 


KimiBO-rayr {Myristiea fnotehuia, Thanbeig).— This tree, 
froflitwenfy^'iiwenty-five feet in height, strongly resembles our 
pear-tree in its general appearanoe, and also in its fruit, which 
is not unlike the round Burgundy pear. The loaves are alter- 
nato, smooth, entire, oblong-pointed, short-petioied, and aromatio 
when bruised; tho flowers axillary, racemose, pale, boll-shaped, 
without a calyx. The fruit is a fleshy pericarp, opening by two 
valves when ripe, and displaying the boautifnl scarlet reticu¬ 
lated arilluB, or mace, enveloping the thin, dark-brown, glossy, 
oval shell, whioh covers the kernel, the nutmeg of the shops. 
Each fruit contains a single seed, or nutmeg. The mace and 
tho nutmeg are both vahiablo spices, llie former, although a 
brilliant scarlet colour when fresh, becomes yellow, brown, and 
brittle when dry. 

Whilst tho clove h.as spread over Asia, Africa, and tho West 
Indies, the nutmeg-troo refuses to flourish, except in the islands 
of the Malayan Archipelago, whore it aiipears to be indigenous. 
In 1819,100,000 of these trees were transplanted by the British 
Government to Ceylon and Bengal, but tho plantations were 
not Successful. All attompts.to introduce tho nutmeg-tree into 
other tropical enuntrius have faUed. 

Tho Dutch endeavoured to extirpate the nutmeg from all the 
islands of the Moluccas except Banda, and they had all the 
treo-s removed thither for bettor inspection; but this attempted 
monopoly was completely frustrated by the moce-feoding wood- 
pigeons. Tlioso birds conveyed and dropped the fruit beyond 
tho assigned limits, spreading it over tho whole of the islands 
of thu Malayan Archipelago, from the Moluccas and Mow 
Guinea. 

About 251 tons of nutmegs, and OS tons of mace, were 
imported into tho United Kingdom in 1800, nearly half of which 
wore re-exported. 

Tho nutmeg and olovo trees were first introduced into this 
country by Sir Joseph Banks, as ornamental hot-house plants, 
about 1797. 

Nutmegs and mace arc employed chiefly as condiments for 
onlinaiy purposes, for which they are admirably suited by their 
agreeable taste and stimulating properties. As remedial agents 
they owe their activity to the volatile oil which they contain, 
and when administered in moderate quantities, produce the 
usual effect of the other spices. 

The Clovb-tbee (CaryophyUiu wromaUcus, Linn.; natural 
order, Myrtacece, tho Myrtle family).—Cloves are the nnex- 
ponded flower-buds of tills troo, which is an evergreen, the 
trunk rising from fifteen to twenty feet above the ground. The 
leaves are opposite, rigid, ovato-lonccolate, smooth, entire, 
lietioled. The flowers are produced in great profusion, in short 
terminal panicles of from nine to eighteen in each bunch. The 
four loaves or sepals of tho calyx are united ; the base of the 
calyx is tapering and somewhat quadrangular. Tho corolla is 
rod, and before expansion, forms a ball or sphere at the top of 
tho calyx. The peduncles, or flower-stalks, are divided into 
throes, and articulated or jointed. This greatly facilitates the 
foil of the buds when the gatherers beat the trees with reeds or 
wands. They are also gathered by hand—a method adopted 
when the season has been unfavourable. * 

Tho clove-tree is a native of the Moluccas, where it was very 
abundant before the conquest of those islands by the Dutch. 
They extirpated it from all the Moluccas except Amboyna, 
and even there they allowed only a limited number of tree* to 
bo planted, lest the price alutuld fall too low! This narrow 
policy stimulated other nations to try to get so valuable a 
spice. In 1770 the French obtained tho plant, and introduced 
it into tho Isle of Bourbon, and from thence to Cayenne e^d to 
their other possessions in Amorioa. But the host cloves stiU 
come from the Moluccas. 

Wo receive cloves from the East and West Indm, bom the 
Mauritius, and indirectly from Holland. Tbo quantity imported 
in 1866 was 541 tons. 

Dr. Busohenborger, who visited Zanzibar, ,on the eastern 
coast of Africa, in 1835, thus speaks of the clove plantatioua 
there;—“As far as tlio eye could reach over a beautifully 
undulating land, nothing was to be seen bat olove-trees of 
different ages, varying in height from five to twenty feet. The 
fora of the tree is oonioal; the bronohee glow at nearly right 
angles with the tiank, and ihey beipa to ehoot a few inches 
from the ground. The plantation oontain* nearly 4,000 trees, 
and each tree yields, oa an average, six pouada of elovee 
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annually. They site otaiefnlly piokod by hand, wd then dried | 
in the shade. We saw nnmbera of elavoe standing on ladders 
gathering the spice, while others wore at work deariug tho 
ground of dead leaves. The whole is in tho finest order, pre> 
seating a pietare of industry and of admirable neatness and 
beauty.” 

Cloves, when good, ace dark, heavy, and strongly fragrant, 
the ball on the top being nnbrokon, end yielding oil when 
. pressed with the nail. This oil is sometimes extracted, and the 
doves BO treated are mixed with the others. They are also 
sometimes adnltorated with water, which they absorb readily, 

’ becoming plumper and heavier. 

Cloves are much employed in cookery as a condiment, being 
the most stimulating of tho spices. Tlie oil of doves is a 
popular remedy for the toothache, and the infusion a warm and 
' grutofnl stomaohic. Cloves are frequently employed by medical 
men to disguise tho nauseous properties of their drags, and thus 
render them more palatable to the patient. 

THE ELEOTIUC TELEGRAPH.—I. 

By J. M. Wkinkii, B.A. 

THE BATTERIES EMPLOVED—INBOLATOES-BINE WIRES. 

One of tho features by which tho present century h.as boon 
rendered especially remarkable is the nnmlier and impoitanco 
of its scientific inventions. Among these there is none more 
wonderful tiina the dcetric telegraph, and none which has more 
rapidly passed from being a mere scientific toy, valuable only 
for the olncidation <if certain principles and facts, into becoming 
a groat and important instrument in tho conduct of nur every¬ 
day bnsino.ss. Soarcoly half a century has elapsed since Pro¬ 
fessor Oersted mode tho discovery that a magnetised needle 
was dofloeted by the passage of an electric current along a wire 
placed near to it, and tho mode of cuiiverting a bar of iron into 
a temporary magnet by means of tho olecta'io current was not 
disoovereil till soveml years enhsoquontly, and yet, at tho 
present time, tho messages weekly transmitted, in this country 
alone, by instmmonts based on these principles aro numbered 
by tho hundred thousand; and there is scarcely any port of tho 
globe that is not traversed by wires, along which onr thoughts 
aro constantly being flashed with a speed almost equal to their 
own. 

In tho artidos on “Voltaic Hcctrioity,” whioli have already 
appeared in The PoroLAn Educator, a general account has 
been given of tho jirinciplo on which tho various forms of 
telegraph instruments act. In tho present series we jjropose 
to giro a practical explanation of the construction of tho dif¬ 
ferent instruments and the manner of using them, so as to 
otuible the intelligoul amateur to constnict such bislruments 
for himself, and to help the telegraphist to understand the 
mechanism of the api>aratns bo is employing. 

To transmit messages by electricity, it is, of course, necessary 
in the first place to havo some means of gonorating an electric 
onrrent of sufiiciciit quantity and intensity Wo must further 
have* some way of conveying this to tho desired plane, and also 
of cansing it to produce at that place such effects as shall 
euble us to make our messages understood. 

For generating an electric current, any one ot the many forms 
of'battory already desoribed may be employed. Tho Crniok- 
shank battery, oonsistmg of alternate plates of copper and 
zi&o oxoited by a solntion ot dilute sulphiino acid, was for a 
long time that generally adopted. Very frequently the colls 
woTQ filled in with fine sand, over which the solution was 
ponred. This form was commonly known as tho Sand battery. 
Smee's and otiier forms have also occasionally boon tried, but 
in almost all oases these batteries have now been superseded, 
and some modifioation of Daniell's. snlphato of copper battery 
adopted. In the largo cellars under the Central Telegraph 
Offioos m Lothbnry, ^ero ore thousands of colls of those bat¬ 
teries oonstimtly at work. The standard form now adopted 
consists of a trough about two or two and a-half feet long. 
3^ is made ot ha^ wood, and caxefnlly coated inside with a 
resinons aomposition so at to prevent fhe acid from eating it 
awaiy. Water-tight eompartmei^ are tiien fixed at abont equal 
distuoes, BO as to divide the trdigh into ten oella, and each of 
these is subdivided by a plate d; porous or unglued earthen¬ 
ware, represented m Fig. 1 by the thinner linos. 


Hates of sheet copper are then out about four or five inohea 
square, and aino is into tfaioker oakes of a simikr slae. A. 
pieoe of copper and one of xino are then oonneoted together by 
a copper band riveted to each, om shown in Fig. 2. The band 
or strap is then bent in the middle, so that the copper plate 
may be in one cell and tho zino in tho next. A Ud is provided 
to each trongh; this sqrvea tp exclude the dust, and at the 
same time, by oheoking evaporation, renders the action of the 
battery much more uniform. 

Tlie cells which contain the zinos are charged with dilute 
sulphurio aoid, or with a solution of sulphate d zinc; those in 



Fig. 1. 

which tho copper plates are planed contain a saturated solution 
of snlpbato of copxicr (blue-etonu). and, as the coiipcr is pre- 
ciiiitatod on the plate by tho action of the battery, the colls aro 
usually llllod up with crystals, so as to mainiaiu the strength of 
tho solution. If it gets exhausted, a portion of tho zinc solu¬ 
tion pas,ses throngh tiio porous partition, and this metal is 
thrown down on tho -copiier, rendering it almost block. For 
each equivalent (20 ports) of zinc dissolved in any ooU, an 
equivalent (25 J parts) of cojiper is xirecipitatod in the corre- 
sxionding cell, and hence tho copxicr plate increases in thiokness 
while the zino is oaten away. 

When tho aoid becomes saturated with zinc the action of the 
battery is much diminished; a portion of the solution should 
thoroforo bo removed, and tho coll filled up with ivnter. 

Caro must bo token not to lot the zino plate rest in contact 
with tho diaphragm, as in that ease metallic coi>pcr is deposited 
on it, and it is soon broken. After having been used the par¬ 
tition should also be kexit moist, as, if allowed to diy, the 
sullihato of zinc efilorcsues round iho edges and chips away 
small piooes. 

Tho porous diaphragm does not entirely iircvont tho two 
solutions mixing, though it chocks it very considerably. Borne 
of the copxior iiassoa into tho zinc cell, and, being there decom¬ 
posed by the action of the zinc, falls to tho bottom as a dark 
powder usually known as tho “mud” of Daniell's battery. 
When on inner porous ocll is used instead of a partition, it is 
usually greased all over, except on tho portion opposite to tho 
copxior plate, so as to check as far as possible this mixture. 

In some instances tlie porous diaphragm is entirely dispensed 
with, and tho two solutions are kept seiiarato by tiioir 
respective weights alone. Tho copper solution, having 
tho greater density, is first poured into the cell so as 
to half fill it; the aoid is then carefally put in above 
it. In this form of battery tho copper plate is placed 
at the lower part of tho coll, and tho zino pinto at the 
uiipor iiortion, so that tho two do not overlap. The 
coijper solution, however, in time mixes with the acid, 
and this battery is not very much employed. _ ^ 

In working batteries it is found tliat the same amount 
of zino is consumed in each cell; it is advisable, therefore, only 
to employ plates of similar size in tho same cirouit. A single 
weak or deteotive cell wHI retard the passage of the entire 
current, and thus cause a very considerable waste of power. 

It should be remembered that the quantity of eleotricily 
generated is not augmented by increasing the number of the 
colls; it is only the mtensity tlmt is thus affected. To increase 
the quantity we mnst increase the size of our cells, or, whibh 
jiraotically amouqts to the same thing, arrange two or three 
side by side, their zino and copper plates bting respectively 
oonneoted. A% a general rule, for distanooe of a few milea, a 
single trough oontainiBg ten or twelve oelle ie amply sufficient, 
provided it be wotUng well. If it is losing its {tower, or the 
message hu to be sent te a much greater distaaoe, two or more 
eg the troughe may be joined together. 

Raving now eemi the zoanner in which the eleotrio enrten^ 
is generated, we have next to aaoertain the mode in whioh i 
can be conveyed to oaf required place. As we have aliaaci 



OOLOUB. 


ei 


leunt, the flnid rery euiljr escapes, nnless the oondaotor along 
whid it is travelling ie oarefolly insulated. When the srires 
ate laid nnder the surface of the ground or at the bottom of the 
aea, this is aooomplished by coating them with some insulating 
material in a way that will shortly bo explained. In most cases, 
however, the lines are suspended in the sir, which is, for all 
practical tjurposes, a non.condnctor. All need for coating the 
wire is then at an end, and it is only necessary to make some 
arrangements which shall prevent the escape of the olectrioity 
at the points of support. This is accomplished by means of 
“insulators,” a few of the forms of which were figured in the 
papers on “ Voltaic Electricity.” 

In large towns the insulators ore very frequently attached to 
the corners of lofty buildings, or to stacks of chimneys, and in 
this way much expense is avoided, and the wires arc at the 
same time so much elevated that they do not interfere with the 
ordinary trafflo of the streets. In tho open country, however, 
they are supported on posts specially erected for tho purpose, 
which under ordinary circumstanees are placed at distances of 
about sixty yards apart, and tho wires ore about oightoou or 
twenty feet above tho surface of tho ground. Young fir or 
larch trees are usually chosen for tlio ]mr]> 080 , and roughly 
trimmed. Sometimes the wood Ls impregnated with a preser¬ 
vative compound to guard against decaj’. When this is not 
done, the polo is oharr®! along tho lower end for a length of 
several foot. The charred ends are somotimos allowed to stand 
in gos-tar for several hours as a further prntootion ; but still, 
with every precaution, it is found that tho post will decay at 
the grounil-linc, where it is exposed to tba air as well as to tho 
moisture of tho earth. 

In different ports of tho Continent and in India, whero 
wooden posts aro far loss durable, substitutes have boon tried, 
and iron tubes and posts of different forme have been used to a 
oonsidorablo extent. The first cost of those is, of course, con¬ 
siderably greater, but in tho lung run fi groat saving is ofifected 
by their employment, and it seems probable that in England 
they may eventually boconio much more generally adopted. 
When the lino is straight tho strain is bnt small, but at an 
angle it is considerably inrrcasnd, and stmts or stays aro 
usually ornployod to Btrongthon tho posts. 

In some places tho plan has been tried of afiSxing tho insu¬ 
lators to the stems of living trees, and this has boon found to 
answer very well. The swaying of trees during storms is a 
alight objection, but a swinging insulator designed by a I'ms- 
elnn officer, Lieut.-Coloncl Ctianvin, meets this difficulty. 'Tho 
construction of this will easily bo understood by reference to 
Eig. 3. 'Tlio bent iron rod, a u, is cut at one end into a screw, 
and fixed firmly into the tree, while the other end is flattened 

out, and fastened 
by moans of a 
screw. Tho insu¬ 
lator, 0 , is BOS- 
I>onded from tho 
ring D by tho 
hook T, the end 
of which is tnmod 
bock so as to 
prevent tho wire 
jerking out when 
the tree is shaken. 
In tho lower part 
of the insulator is 
fixed another 
hook through 
which the lino 
wire passes. 
This is, of course, 
qnito insulated 
from F, and is so bent that whch tho insulator Ewings to and 
fro with tho wind, only the poroolain oomos in contact with 
the tree or the support. 

Ahuost every telegraph engineer has his preference for some 
special form of insnlator, and hence there is a great variety. 
That most genoraUy employed in this country is represented in 
Pig. 4. It consists of two inverted cups of brown earthenware, 
fitting inside one another. To the inner one is fixed the stbel 
atalk by means of which the insnlator is firmly bolted to tho 
poat, while round the outer is a groove to whioh the line wire 


ia fastened. The two are fixed together by meana of a non- 
oondnetiug cement. On about one post in every ten a stretch- 
ing-insnlator is placed. Ibe wire is found to give a little by 
the continued strain, and also to vary in tension with ohanges 
in tho temperature. The 
result of this, if uncheokod, 
would bo to cause tho wires to 
hang so loosely that when, as 
is generally the case, there 
were several on ono poat, 
they would strike against A>no 
another, and thus greatly in¬ 
terfere with tho commumca- 
tion. Those insulators are 
accordingly provided, and by 
means of thorn the wires aro 
kept duly strained. 

Frequently, capooinlly in 
lines supported on buildings, 
tho wire is fixed to every 
insnlator, instead of merely 
resting in a loop, and then 
there ia less need of strotch- 
ing'insulators. Tho impor- 
tuiico of careful insniniion is very great, especially in long 
lines, as a very trifling loss at each point of support will soon 
seriously weaken tho current, and render much more battery 
IKJwer necessary to transmit the message. 

Copper wire ia tho best conduotor by far, and might tlvero- 
fore bo used of much smaller size than tho iron wire usually 
employed. This would probably cause a considerable ultimate 
saving, as tho posts and insulators need not be so strong; bnt 
tho viUuo of tho wire would render it so strong a temptation, 
that the lines would not nnfrequontly bo cut. From this and 
other causes iron wire is always employed. For general purposes 
that known as No. 8 gauge is used, its diameter being OTTO 
inch, and its breaking weight about 16 cwt. Unless, however, 
tho wire be protected in some way it soon rusts, and becomes 
corroded by tho iulluonoo of tho air and moisture. Sometimes 
it is coated with tor or boiled linseed oil. More frequently, 
however, in this country, tho wire is “ galvanised,” or coat^ 
with metallic zinc, and this serves as a very good protection, 
except in tho neighbourhood of manufacturing towns, whore 
the smoko from tho various factories soon corrodes away the 
zinc. In some cases, instead of a single wire, a strand com¬ 
posed of seven wires of No. 20 gauge is used, and tills is by 
many considered preferable. 


COLOUR.—1. 

By Professor CnvacH, Uoyal Agricnltunil College, Cirencester. 
INTEODUCTION—CONNECTIOl^ OF THE SCIENCE OF OPTICS 
WITH COLOUB. 

OwiNO to the dopondenoo of colour upon light wo must begin 
our study of its laws and their applications by a statement of 
two or throe of the chief facts of Optics. Wo wish new to 
direct our readers’ attention to the reflectiou, tho omission, tho 
transmission, the absorption, tho refraction, and the dispersion 
of light. 

hivorything that wo can see is visible owing to its reflection 
of light, or to its emission of it: tho former action protlncos or 
characterises illuminated bodies; tho latter, Inmmous boilies- 
llluminated bodies ore marked out and distinguished from 
one another by the different amounts and qualities of tho light 
which they reflect. Apiece of black cloth on a white porcelain 
plate reflects but a very small part of tho light which falls 
upon it; the plate, on the other hand, reflects much. Had the 
black cloth possessed no power of rnflcctmg light, it would 
have boon invisible; black velvet, wlihili reflects less light, 
sometimes prodncea to the eye tho ofl'oot of absolute blackness, 
that is, of an empty and dark space. Similarly, a sheet of 
plate glass may appear lustrous pnd visible onongh if tho light 
wliich falls on it is sent book to the eye; but if wo are so 
placed in front of the glass that these rays escape us, it ceases 
to be visible, and wo may, perchance, stretch out our' hand to 
take something from behind the gloss, wholly tmoonscious of its 
existence. But it is possible to render a piece of polished glass 
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pennaaeatly viaible. Cnuh it to powder, ead in wlwt- 
ever direotion the light faUe apon its pertiolee tiie eaifaceB of 
those partioles will tom back or reflect eomo of the rays, and 
BO render themeelTeB visible. The dear glass, has become 
opaqno. 

For the very same reason dense donds, which appear black 
when between the observer’s eye and the sky, owing to the 
complete way in which they cut off the light, may become 
brilliantly white when the sun’s rays fall upon their constituent 
partides, owing to the very same action; for the light, which 
cannot gd through the cloud, is continually reflected to and fro 
from the surfaces of its minute parts, and thus illuminates it. 
Thus it happens that the lower half of a doud against a dark 
mountain may appear white, wbUc the upper part of the same 
cloud against a luminous sky may appear a dull grey. The 
lessening of reflection, on the other hand, diminishes visibility. 
The numerous small reflootiona which occur between the surfaces 
of the fibres in a piece of paper may bo greatly reduced by 
watting or oiling the paper, when it becomes less opaque and 
at the same time greyer and clearer : to this cause the trans¬ 
parency of tracing paper and tracing cloth is duo. 

Wo said above that bodies differ not only in the amount but 
in the quality of the light which they reflect. Now one of the 
chief differences as to quality of light is the difference of odour. 
Pbwderod vermilion reflects much light to the eye; this light, 
however, is chiefly red Ught, though tliero is some white light 
mixed with it. A stick of red sealing-wax shows in some posi¬ 
tions a bar of white reflected light in the direction of its length, 
while in other positions wo see only the red light reflected from 
the partides at its surface and a small depth below. Why tins 
light happens to bo red in the vermilion wo shall disenss father 
on: we would only point out hero that while the reflection from 
a polished surface is regular, that from a rough surface is irre¬ 
gular, and that from a coloured surface coloured. A polished 
plane metolHo surface affords an example of the first kind of 
refleotion, a pieoo of chalk of the second. So great is the differ¬ 
ence in effect produced by regular rofioctiou from that produced 
by irregular reflection, that if an illuminated polished body 
could be found which was wholly incapable of irregularly re¬ 
flecting any part of the light falling upon it, that body would 
be invisible. We may, therefore, say that we disoom bodies by 
the aid of the light whioh they reflect irregularly, or scatter; a 
perfectly regular refleotion gives, on the contrary, an image of 
the souToe of light, not of the object illuminated. It is only 
light whioh is regularly refleotod whioh con bo shown to obey 
the groat law of reflection, which is this :—The angle which an 
incident ray of light makes with a perpendicular to the reflect¬ 
ing surface, is equal to the angle which the reflected ray makes 
with that perpendicular; in other words, tho anglo of incidonce 
and the anglo of reflection are equal. Another law hero to be 
mentioned is, that both tho incident and tho reflected rays of 
light ue in tho same plane, which is perpendicular to tlie reflect¬ 
ing surface. Wo shall have to refer to those laws of refleotion, 
to refleotion at varying onglos and from different subatanoos, 
and to the different ki^s of refiootion enumerated above, when 
we proceed to discuss tho subject of Colour. 

A few words may now be said on luminous bodies, or those 
whidi emit light. A oandio flame, a glowing piece of oharooal, 
and the sun, are examples of luminous bodies. From those 
sources of light luminous rays arc sent out; those rays are tho 
lines in which the light is propagated; luminous pencils are 
bundles of such rays. 'From such luminous bodies as are near 
the eye the rays emitted are divergent, but tho rays from tho 
sun and distant bright bodies ore prooticnlly parallel. Highly 
luminous bodies can only be clearly seen when much of the 
light whioh they emit is out off by a special contrivance, such 
as a pieoe of smoked or dork-green glass. It is thus quite 
iwssible to see the form and ohangos of the ooko-points of tlto 
eleotrio lamp, intense as its light is. 

The light emitted froita bo^es travels in straight linos, and 
oanses the p^uction of shadows. The form and sharpness of 
shadows is influenced not only by tho shape and the relative 
^e of tho opaque body whiph oasts the shadow, but by the 
form of ihe luminous b^y, the light of which is intercepted. 
A InminouB point gives a aharply-deflned shadow, while a 
Inmintwis snrfaoe, on the otiier head, gives a dark shadow sur- 
Tonnded by a paler sad less definite one whioh goea by the 
astmo of » penambia. 


We have so far spoken of the refleotion and of tiie emi«don 
of light; the trwismisBion of light has now to be oonsidered. 
Bodies are said to be transparent when they permit light freely 
to poas, BO as to allow objects to be distinguished through 'tiiem; 
translucent, when they allow light to pass less perfeoUy, and 
objects on tho other side of them cannot bo olearly disoeened; 
opaque, when light is wholly out off. But in resJiiy no bodies 
are perfectly transparent or potfpotiy opaqne. mOst oolonr- 
less sad flawless polished glass outs off some rays, wl^e sub- 
stauoes, such as metals, which are commonly oonsidered onito 
opaque, become transparent when reduced to tho form ofvliiu 
loaves. The sun may bo conveniently viewed through a glass 
thinly coated with silver, while tho light transmitted by an 
ordinary piece of gold-leaf is grass-groon. 

In addition to this, it may bo remarked that different trans¬ 
parent bodies permit tho light to pas-s through them with more 
or loss facility, but they also variously affect tho light whioh 
finds its way into them. Suppose tho cose of water. Abeam of 
light made up, wo will Bupposo, of 1 , 0 U 0 rays, strikes the water 
porpendicnlarly; 18 rays will then bo rofleoted towards the lumi¬ 
nous souroo, whilo 982 will find their way through tho water un¬ 
changed, unless tho layer of water bo of considerable thickness. 
Now introduco into tho water a drop of some rod solution ; tho 
light 'transmittod will be filtered light, the red solution having 
strained off sonic of tho cunstitnont rays and loft the others. 
'I’ho intensity of tho light and its quality will thus have boon 
altered by transmission, just as they aro by reflection. Colour, 
in fact, may bo produced from white light, either by tho absorp¬ 
tion of some parts otHhe luminaus rays and the rofiection of 
others, or by tho absorption of some parts and the transmission 
of others ; but, os wo shall point out presently, tlicro are several 
other ways of producing colour without the intervention of an 
absorbent body. 

Before, however, wo can profitably study those ways, and 
tlio curious phenomenon of absorption itself, we must become 
acquainted with the main features of tho theory of light. This 
theory is called the undulatory theory. 

Tho undulatory theory supposes the oxistonoe, throughout all 
space and throughout all matter, of an infinitely thin, elastio 
medium oallod tho luminiferous or light-boaring e^er. It must 
bo supposed that tliis ether is not only universally present, but 
present without break in its continuity. It exists in space, in all 
solids, liquids, and gases, and it cannot bo excluded€rom what wo 
call a vacuum. It can hardly bo material in tho sonso in which the 
sixty-three eloraonts of tho chemist aro material; but to ooeouni: 
for tho properties of light, wu must presume tho medium which 
convoys it to have some at least of the properties of matter. 
The movement of this other is light. It undulates in waves, 
tho undulations of the ijartiolos of the ether being across tho 
direction in whioh the light is propagated. Light is supposed 
to originate in tho following manner:—^'Ihe particles or mole¬ 
cules wliich constitute a luminous body are in a state of dis- 
tnrbonoo, a state of intonsoly rapid motion. This motion of 
tlie molecules is oommuuioated to the other and sets it in. 
vibration, and is propagated in all directions in the form of 
spherical waves. Beocliiug tho retina, this fine motion of tho 
other excites vision and becomes sensible as light. With these 
statements of tho main assumptions of tho wave-theory of light 
before ns, wo shall bo able to ennsidet with exaotnoss not only 
the absorption and refraction of light, but the sevetal modes of 
the produotion of colour. 

Tho waves of the ether are of different lengths; in pure white 
light, such os that emitted by the electric aro, waves of all 
lengths occur between the limits of about 5 ^ of an inch on the 
one hand, and about of an inch on tho other hand. Now 
tho colour of light is solely dependent upon the length of the 
ware. Tho longest wave that is poroeived by tho retina is the 
red wave, tho shortest the violet. Longer waves than the rod 
waves possess a high heating power; shorter waves than the 
'violet, invisible to the eye, and with scarcely any action on tho 
thermometer, are gifted with a great degree of ahemi(»l energy: 
they are oalled actinio. If we use the eleotrio light, which is 
r^y a mote perfect light than that of the sun, we shall find 
that it emits or causes urdnlationB, the waves of which are of 
much wider diCerenoes aa to length than those of the red and 
violet lights above mentioned. By means of 'various aolutiona 
wo can absorb some of tiie rays: those of li|^t can, for 
lastauoe, be strained off, and these of heat and actiuism. tnuia- 
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militod. Th» mam of oartain lengths caanot nndnlate in a soln- 
tion of iodise in carbon dunlphide, they are Bnested or quenched 
fhareby. ‘Suoh a solution, indeed, permits only the rays of dark 
heat to pass through it; but the undulations of tiiis dark heat 
may be ohanged, and their ware-lengths may be diminished by 
aUowing the inrisiblo heat-raya to be conoentiated in a fooue 
and to foU upon a solid, infusible body. This solid will become 
hot and then luminous—^hoat has been changed into light. This 
poMago of calorific into Inminons rays is known ns ealorescence, 
atm may be made so complete a change that all the colours of 
the rainbow may bo thus obtained from a perfectly dork source 
of heat. But exactly the some sort of change may be effected 
with the inrisiblo actinic rays, the ware-lengths of which are 
shorter eren than those of light. By using a solution of blue 
ritriol in ammonia, dark rays of chemical energy may bo trans¬ 
mitted and freed from the risible rays. Boceire those dark 
rays upon a screen of floor spar, or Canary glass, or eolation of 
quinine sulphate, light and colour are produood. The- ware- 
lengths of tho ootinic undulations hare been increased ; the 
inrisiblo chemical rays liaro passed into risible Inminons rays; 
this passage is called fixwrrsccnce. Another name for tho 
change in wave-length which we have just desoribod is chatuje 
in refrangiMlity. 

Wo win now proceed to describe the meaning of the expres¬ 
sions refraelion and refranyibility. 

When a beam of light falls perpendicularly upon water, 
more than 98 per oont. of tho rays pursue a straight course 
through tho wator. Lot tho incidence yf the boom be oblique, 
and then it will he 'onnd that fewer rays will penetrate tho 
surface, and that those which do will not pass through tho wator 
in a straight line, but will bo .more or less bent out of that lino: 
this bonding is called refraction. Refraction takes place when 
a beam of light pos-sos ohliiiuely from a rarer to a donsor 
medium, or vice vers‘1. Instonccs of refraction have lioon 
already alluded to and described in Ths PoruLA.B Kpucatob 
(see “ Eeoroative Science,” Vol. V., p. 223) in tho case of 
a stick half immersed in water, which appears broken owing 
to refraction; and of a coin, which, lying invisible at tho 
bottom of a basin, may be made to appear by pouring water 
upon it, and so bunding back the rays, which are reflected by tho 
coin, till they rcaoh tho eye. In passing from air into water or 
glass the refracted ray is bent towards tho porpendionlar; in 
passing ont of water or glass into air tho reverse refraction 
occurs, and to a precisely equivalent extent. If, therefore, a 
beam of light enters obliquely a piece of gloss, the faces of 
which oro parallel, tho refraction towards the porpemlinular on 
entering tho gloss will bo exactly compensated by the refraction 
from tho perpendicular on leaving tho lower surface, and so tho 
emergent ray will nocossarily bo parallel with the incident ray. 
But supposing wo employ a prism of glass instead of a flat 
plate, then tho ray is permanently refracted. Tho prism so 
much employed in Optics is a, wodgo-shapod piece of flint glass, 
and is on indispensable instrumeut in tho study of colour. The 
angle enclosed by two oblique sides of this prism is called the 
refracting ongle. If we place the prism so that this angle 
shall bo below, and tho oiipoaito side of tho prism horizontal, 
then a beam of light falling from above on to one of the oblique 
sides will be refraeted towiu-ds tho refracting angle, and passing 
across to the other oblique sido will pass out, with its path 
ohanged agam, but now in an upward direction. But something 
more will have commonly happened to the beam besides its 
permanent refraction. If tho light Ijc simple, if its wavo-longths 
bo of one measure only, it will bo simply dofiooted ; but if, as is 
nearly always the case, tho light bo compound—^if its waves are 
of different lengths—^then tho prism will differently affect them. 
It will retard tho short waves more than the long ones, and so 
wo shall find that these short waves are more refracted. The 
more refrangible rays are then the short violet rays, the less 
refrangible rays axe the longer red rays. In every case, there¬ 
fore, where a luminous body omits rays of various refrangibili- 
ties, those rays can he separated from eooh other by means of 
the prism. As sdar light oonsists of an enormous number of 
rays of different refrongihilities, it may bo deoomposed, analysed, 
w split into an enormous number of coloured lights, the wave¬ 
length of each of vriiioh bdongs to a partioulsr ray. The 
eleotrio light gives an infinite number of such colour^ lights, 
few there we no breaks in its sates of rays, such ns exist in the 
tight of tho sun. Burning motels Mid glowing gasw nult, on the 


other hand, fewer rays, and give fewer colours, when tiidr light 
is prismatically deoomposed. The deoomposition, or splitting 
up of light by the prism, is colled tho dispersion of light; the 
coloured image formed is colled a spectrum. We are enabled to 
study the origin, the properties, and the changes of colours b^- 
means of this spectrum. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—I. 

It is intended in the present course of lessons to show tho 
practical application of Geometry to trado and manufactures, 
in order to give to students engaged in the several oonstruvtivo 
arts, and the various branches of industry involving skilled 
labour, a thorough and practical knowledge of the methods of 
describing the various figures requii-ed, by tho most ready and 
correct procosscs. 

It is impossible to over-estimate tho importance of a know¬ 
ledge of Geometry, forming as it docs the basis of aU mechanical 
and decorative arts, constituting, in fact, the gp-ond highway 
from which tho various branches of Brewing diverge. 

Nor must the study of Priictical Geometry bo estimated by its 
mechanical value only, for its uses extend far beyond tho neces¬ 
sities of trado and manufactures. It gives to the eye that ab¬ 
solute corroctuoss of poreoptiou, that clear idea of form and 
size, which, as branches of education, render it most important 
to ail; and, further, it will be found that it gives to the mind 
that habit of accurate arrangement, that order in memtal pro¬ 
cesses, wbiuli must act beneficially on all persons, whatever may 
bo their position. 

In the present course, it is not proxmsed to give more of tho 
dufliiitions or elementary figures than may be absolutely neces¬ 
sary, the objeot being to apply knowledge to practice. Still 
the lessons will, os far as x>ossible, be made self-explanatory, 
and the methods of drawing figures will be thoroughly ex¬ 
plained. 

The subject, then, is not to bo treated as a mathematical, but 
as a thoroughly practical one, and therefore no absolute system 
of reasoning is attempted. Still, it has been thought right to 
give some simple and familiar explanations of the properties of 
the various fignres, and the principles upon which tiieir con¬ 
structions are based, as it must be obvious that the more tho 
mind comprehends of tho relation of one line and form to 
another, the more will tho oyo appreciate beauty and refine¬ 
ment, and tho more oocurately and intelligently will tho hand 
execute. 

In order to guide students in using these lessons for self- 
instruction, the processes in each figure are lettered in the order 
of tho alphabet; the oonsccutivo steps by which the result is 
attained will thus become evident, l^s plan is assisted by the 
imaginary or constructive portions being drawn in dots, or fino 
linos, tho given figures in medium, and the resultant forms in 
full block lines. 

The lessons are intended, therefore, as stepping-stones to 
Toohninal Drawing in all its bronohes, and it is hoped that by 
their means the artisan may bo enabled to construct tho fonus 
required in his trade by rapid and oortain means, instead of 
blindly following tho tr^itional methods existing amongst tho 
men in “tho shop;” and it is hoped that when he has thus 
become acquainted with tho “ grammar of form,” he may bo 
able himself to originate and invent, and so be able to keep 
paoo with the xirogress made, not only in foreign countries bat 
in OUT own. 

Wo commence, then, with certain figures constantly used in 
moclianical drawing, repeating such of the early studies as may 
bo required in any juirtioular figure, thus avoiding roforenoe to 
back numbers as much as possible. Tho student is, however, 
sni^posod to have mastered such xwohlems as bisecting lines, 
etc., and if he has not dime so ho will find them thoronghly 
explained in tho “ Lessons in Geometry ” in Thb! PopuijAif. 
Eddcatob. 

One of the most frequently occurring prooessos m tnat lu 
dividing lines into a certain number of oqn^ parts. The want 
of knowledge of rapid methods causes waste of time, and by 
constant trials the paper beeomes frayed and roughened, to inc 
great detriment of tho drawing. The followbg flgnie and its^ 
application is tiicarefore given:— 
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To divido iho UmX 9 into any mimiier of equal parts (in tfaii 
ten). (Fi(r.l.) 



Dratr a line (c d) parallel to a b. (The lino c x> may bo any 
length, that ia, it may be drawn indefinitely for the present.) 

From c set off along this line the number of parts into which 
the line A B ia to be divided—viz., 1 to 10. These parts may 
be any convenient size, bnt must be all equal. 

Draw c A and 10 B, and produce* both linos until they meet 
in E. 

From each of the points 1, 2, 3, etc., draw lines to the point 
K, which passing through AB will divide it into 10 equal parts. 

Application No. 1 of the foregoing figure (Fig. 2). 

l%ia problem may also be used for dividing a lino propor¬ 
tionally to another, that is, to find divisions on a line, which 
ehi^ be in the same proportion to it, that oertain divisions are 
to another line either larger or smaller. 

Thus, let it be required to cut off from 


A B 

a part which shall have the same proportion to it that the 
division K d has to the line c b. 

- 4 - 


C E 1* 

Flaoe A B parallel to c b, as in Fig. 2. 

Join C A and b b, and produce the linos until they meet in f. 
X^cun a draw a v, which passing through a b will cut off a b, 

which will have the 
same proportion to A B 
that E B has to c B. 

Tills process ia con¬ 
stantly used in find¬ 
ing the proportions 
of architectural 
mouldings, windows, 
mechanical details, 
etc., in making re¬ 
duced or enlarged 
drawings. 

This problem ia 
also most useful in finding a particular point in a lino which 
'Snay he so small as to render accurate division very difficult. 
Xhounple; The length from a to b in a spurf wheel (Fig. 3), 




Inolttd^g a tooth and a space, is called till 
pitch, Mid the circle on which such distance, 
are srt ofi( is called the pitch circle. 


* 'To "prodnae” a Hue meam to Sarry it on further, or to make it 
iou^tarln tiw seme ditection. 

4 fL tgvt wheel is one in whloh the teeth am cd iron, coat or out in 
the .titsf m «ag whedt has wooden teeth aartieed into tbs iron rim, 
hUs Is used i«ine^anjr in miU-work. 


I Now fllthongh is suwy drawings the apace asd tooth $«• 
made equal,-they are not so in a real spur wheel, the spaoe heigg 

a very littie laim titan the tooth, Thia Bnalldifiterenoeiaii^ 
important, for u the tooth and space were equal, the tooth of jt 
wheel when in gear with anothm would not clear its^. The 
difference of one-eleventh ie found in practice to be euilhdettt 
for all purposes. Thus, if the “pitoh” is divided into elevnt 
equal j^s, the tooth wu be flvo-elevoniha, and the space siS' 
elevenths. 

But dividing the space A B (which in many oases is by far 
smaller than given above) will be found liable to soma hiao- 
enrany: by this problem, however, the required point of division 
may be found with ease and exaoteess. 

Let A B (Fig. 4) be the length of the pitch, measured from 
A B in Fig. 3. Draw any line, o B, parallel to A B, and set off 
on it 11 equal divisions (any longtbl. 

Draw c n and b a, and produce the lines to meet in b. 

From point 5 draw a lino to x, which will divide A b as re¬ 
quired, the one i>art being ft and the other ft. 

Sot off tlieso lengths on the pitidi circle.* 

To construct an equilateral triangle on the given line A b 
(Fig. 5). 

From A, witii radius a b, 
describe an arc. 

From D, with the same radius, 
describe a oorrosponding arc, 
cutting the former one in c. 

Lines joining A C and B c will 
complete the triangle, wltich will 
be equilateral, that is, all its 
sides will be equal. 

A triangle having only two of 
its sides equal, ia callod an 
isosceles triangle (a). 

When all three sides are of unoqnol length, the figure ia called 
a scalene tnangle, as B. 




In a right-angled triangle, one of the angles, os o, ia a right 
angle. 

A right-angled triangle may be either isoacelea, ns B, or 
scalene, as B. 

The longest side of a lightiangled triangle, viz., the side 
opposite to the right angle, viz., F, is called the hypothenuse. 

■When a line, c B (Fig. 6), stands perpendicularly on another 
lino, A B, it divides the space into two right angles; if produoed 



beyond c, four right angles will be formed; bnt if the line c B 
be drawn, dividing the space unequally, the angle A c s is an 
obtuse (or wide) angle, being more than a right angle, and the 
remaining portion, B c B, is an aoute lor sharp) angle, being lees 
than a right angle. 

To construct a triangle of given dimensions (Fig. 7). 

Let it be required that the sides of the triangle should be 14\ 
1", and IJ''. (The sign* attached to a number denotes indies.) 

M&ke A B 14 in. long. From B, with a radius of in., 
describe ah arc. From A, with a radios of 1 in., describe an 
arc cutting tiie former one in c. ^ Draw a c and b c, vtiiidi will 
ootqjilete the triangle of the requited dimousionB. 


* Tor full InBtraotion conosmisg the modM of drawtng tbs wolcas 
forms of teeth of wheelt, tiie etuftsat is referred to tiw tetsons ah 
Teduiiesl Dtawlag. 
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BT AK OBFIGEB OF THE BOTAB ABTIBBEBT. 

71BE-ABMS. 

The diTision of our Babjeot which wo haTO now to considor is 
the important one of fire-arms. We hare seen how the intro-,j 
dnotion of fire-arms has hod tho effect of pushing sido-arms ' 
into tho background, how each suooessive development of fire- j 
ams has by so much reduced tho practical value of swords, ' 
and spears, and lances, and the like. We 
have noted also that tho tide of improve¬ 
ment has always sot in the direction of 
increased range, increased aocnraoy, in¬ 
creased dcstructivoness, increased rai»idity 
of fire. These are the elements of the 
problem which the gnn-makor has for 
several centuries been striving to solve, 
chocked, however, and circumscribed in 
his action by the practical considerations 
which military necessities imiiosc.- Thus 
tho exquisitoly accurate matnh-shooting 
rifles which we see at Wimbledon, with all 
their refinements for ensuring good shoot¬ 
ing—the carefully weighed charges, each in 
separate bottles, tho delicate sights, tho 
light triggers, have never come in for mili¬ 
tary use, because they fiiil in tho first ele¬ 
ment of a mililary arm—simplicity. Aprrthi, 
tho far-reaching Met-'ord rifle, with which 
goodpraetioe has been madoat2,00(tyards, 
is not a jiossible niilitary weapon because 
of its refinements, and because also of 
its weight, and of the heavy charge which 
it requires. Many of the ingenious breech¬ 
loaders, in tlio production of which na- 
happy inventors have spent their time, 
their brains, and their money, fail alto¬ 
gether—despite their points of nxeel- 
lonco and their rapidity—to eatisfy tho 
simpler wants of tho solilior. B”.t 
although let and hindered by these co:;- 
sidoratioBS—although continually boir.g 
turned back'from the dazzling path of 
ideal oxoollenco, and w.umod out of the 
dangerous byowaya of tlicsirctieal refiuc- 
ments—although continually being re¬ 
minded of the ncocasity of keeping to tho 
somewhat tame and dusty high-road on 
which tho soldiers are soberly tramping 
—a road which to some probably appears 
as straight and dull as those famous mili¬ 
tary roads of the Bomans—despite these 
restrictions, the gunmaker has succeoded 
in making very oonsiderable advance in 
tho direction required. 

For many years tho arm of tho British 
soldier was a smooth-boro muskot, fami¬ 
liarly known as “ Brown Bess.” This arm 
had a barrel of about three-quarter inch 
diameter (’753 in.), and threw a spherical 
leaden ball, which weighed 483 grains, with 
a charge of fonranda-half drams of powder. 

It will easily bo understood that such an 
arm was neither acenrate nor far-reaohing. 

The charge of powder was largo enough, it is true, to project 
the bullet with a high velocity, but the size of tlie bullet caused 
it to meet with great resistance from the nir, and thus soon to 
lose its velocity, besides being liable to bo easily dofleoted More¬ 
over, being fired from a smooth-bore barrel, it was subjeot to 
all the disturbing causes common to smooth-bore projectiles. 
Among these onuses may bo prominently nametl:—(1) windage, 
which is the difference between the diameter of tlie bullet and 
that of the bore, and which, by allowing tbo passage of the gas 
ever the bullet, causes it to proceed through the boro with a 
sort of bounding motion, and to leave it in an aoeidentol direc¬ 
tion, acoording to the position of tho last impact against the 
bore; (2) irregularity of form and surface of the projeotilo; and 
(8) eccentrioity of piojeotile. The result of these aconmulated 
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defects was that Brown Bess, although it would range eSeo- 
tivoly up to about 300 yards, could hardly bo depended upon for 
even approximate aoouracy up to haU that distance. Ihoro 
used to be a sayiug among soldiers that if you fired at tho 
oliurch, you might think yourself lucky if you hit the parish ! 
Tho smooth-bore muskot is not to this day entirely obsolete in 
our army. For example, tho native infant regiments in liidia 
are armed with a smooth-bore muskot, whicli is in some resiiccts 
superior to “ Brown Bess,” and has a smaller bore (-fiSC inch). 

The native Indian police have also smooth¬ 
bore carbines; and some of our coast-guard 
ore still armed with smooth-bore pistols. 
Indeed, in some distant colonies we believe 
that oven “ Brown Bess ” bcrsolf may 
still be found. 

After Messrs. M-'nlii and Delvigno had 
shown how, by the adoption of a conical 
expanding ballet, an effective military rifle 
might be made, several of tho old smooth¬ 
bore muskets wore rifled with throe grooves, 
and rc-issnod as rifled muskets—chiefly 
for naval use. By this means tho weight 
of tho bullet was iucreaswl to S35 grains, 
and tho rango, accuracy, and effective power 
of tbo nrin « ore iiiinionselyimproved. Com¬ 
pared with Bro\vn Boss i)Iuin, Brown Bess 
rifled was an (xcellont wcaiion ; although 
in tlicse days of small bores we shoiild 
smile at a bullet threo-qnarters i f an inch 
in diameter. The first rifled arm possessed 
by tho British soldier was the Krun-swick 
rifle. Tliis arm bad two gr uvies, and fired 
ft belted ball, which vas covered with a 
]iateh, tho gr.'iiso u;>cn whicli, according 
to Mr. Kaye, d<ii .'•niiiied tho outbrr-t!: cf 
tho liulian mutiny. Tho bullet wc’ghcd 
.’>.'55 grmiis. Tho Itadiug was tedious and 
inconvenient, owing to tho belt on tho ball 
having to be carefully adjusted in tho 
groove, and to tho great amount of fric¬ 
tion ; and tho weapon, although vastly 
FupiT'or in riingo nnd accuracy to tho 
emoolli-Lioro, was comparatively inefficient 
:;s u rifled arm. Our riflo regiments and 
Fiia’qi-sliot ters wore armed with it. Tho 
fiikh rejimenls in India are, if we mis¬ 
take not', stUl armed with tho Brunstvick 
rifla. 

But the really important improvement 
in military fire-arms was due to tlio 
labours cf Messrs. Minie and Belvignc. 
Wo by no moans wish to nndorrato tho 
exertions of other workers in the same 
field; and prominent among those who 
laboured to bring into notice tho principle 
upon which tho success of Messrs. Miuic 
and Delvigno depended, was Captaiii , 
Norton, who unquestionably invented anil 
exhibited at Woolwich, as fur back as 
1833, an elongated expanding shot and 
shell, identical in principle with tho 
Minid bullet. But it was not nntil 1851 
that the Minie riflo was introduced. Tho 
arm was rilled with four gruoves, and 
was intended to fire a conical leaden ball with a hollow in 
tho base, into which was fitted an iron cup. The objeot of this 
arrangement was to enable tho bullet to bo readily loaded, the,, 
diameter being less than that of the bore, while by the action, 
of discharge tho iron cup would bo driven forward into tho 
conical hollow, expanding the bullet. A I'rench colonel named 
Thonvenin had tried to accomplish the sanio object in a different 
way. He placed a small iron pillar or tige at tho bottom of 
the bore, and on to this the bullet was rammed nntil it was 
expanded. The ea/raUne & U'le was used by the Chasseurs 
d’Afriquo in 1846 in Algeria, but it wse obviously open to 
some strong objections, such as the liability of the tige to 
become bent or broken, the delay in loading, the want ol nni- 
formiiy in expansion, and the disfigurement of the bullet- The 
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Behrigne'Hinii Bystem mu a great improvement on this. The 
loading was efleoted almoet as easily and rapidly as in a smooth¬ 
bore; and the expaaaion of the ballet depended not upon the 
exBot amount of force or hammering given to it by the soldier, 
but ofion tho pressure exerted upon the iron oup by the powder 
gases, at the moment of disebargo. Tho arm os at first intro¬ 
duced however, open to some praotioal objections. In the 
first place, the iron oup was found liable in some instances 
to be blown throned tho ballot, which was left a distorted 
cylinder of lead inside tho barrel, tho weapon being thus rondgeed 
for the time unserviceable. In tho next plaoo, the calibre was 
too large for aoonrato long-rango shooting—vis., '702 inch. Tho 
weight of tho bullet was also objectionably great from a 
militaiy point of view, being 670 grains. With so heavy a 
bullet the soldier, if provided with a suificiont supply of ammu- ^ 
nition, was inconveniently over-burdened. So, in 1853, a 
modified Miniu rifio was introdnecd, with a bore of only '577 
inch, and throe grooves, which fired a bullet of 530 grains with 
70 grains of powder. Tho iron cup wai replaced by a box-' 
wood plug. The rciiuction in the weight of tho arm with sixty 
rounds of amramiition was three pounds. This wa,s tho famous 
Enfield rifle—^tbo weapon which won Alma and Inkermann, and 
which at this moment, whether iii its muxzlo-looding or con¬ 
verted breeeh-loadiug condition, is the wra of tho greater part 
of our regular army and reserve forces. But, since the intro¬ 
duction of the Epfield rifle in 1853, several iraprovemonts have 
been made in tho ammunition, wliicli have greatly increased tho 
efficiency of tho weapon. Tho two mo.st important of tiieso 
improvoments were, tho substitution of boos’-wax for a mixturo 
of boos’-wax and tiUow, for the Inbrienting material; and tlio 
rednetion in tho diameter of tho bnllct. Both those changes 
were suggestod by Colonel (now Mujor-Ceiioral) Boxer, and 
contributed in an important degree to the efficiency of tho 
ammunition and tho onn. Tho adoption of bens'-wax was recom¬ 
mended on the ground that in hot climates tho tallow molted, 
leaving tho rifle txnlubrisatcd, besides wbich tho acid iu tho 
tallow caused the corrosion of the bullets. Tbe wisdom of 
adopting pure boos’-wax was stoutly disputed at tho time, and 
has boon frequently disputed since. But repeated experiments 
and inquiries have fully established the cflieicnoy of bees’-wax, 
and in the advortisomont which was issued to tho competing 
gun-makers in 1866, it was laid down that “wax on the bullets 
is indbtponsablo; ’’ and tlio ovidcnco which, the late eommittco 
on small-arms took upon this subject led them to lay down jiosi- 
tivoly that “ the lubrication should bo pure boos’-wax, as best 
adapted to withstand varialaons of climate and long koopiug.” 
This is a praotioal point upon which it scoms important to 
insist. Inventors of ammunition are very fond of submitting 
fancy lubrications of their own, and it is wuU, therefore, that it 
should bo distinctly understood that the question of lubrication 
for military smoll-arm ammunition bos been moat fully and 
patiently considered, and dooidod definitivoly in favour of pure 
bees'-wax. In the Boyal Laboratory at Woolwich, the greatest 
flare is taken to ensuro the porfoot purity of tho beos’-wai, wMoh 
ig all subjected to a careful ohominol examination. 

The second important ohange which was made in tho ammu¬ 
nition was in tho reduction of tho diameter of tho bullet. It 
WM found in India, during the mntiny, that groat diffimUtios 
oooutrad in loading, owing to tho smo of tho bullet, which was 
at fint fixed at '568 inch, leaving a windage of only ‘009 inch— 
quite Inauffloient, when the rifle become foul, to admit of easy 
loading. Many instances oocurred in which loading was almost 
Impoa^le, The men wore seen striking the ends of their ram¬ 
rods against walls and trees, to drive homo the bullet, and the 
evil was so serious as to have thrmitened at one time to load 
to the abandonment of the Enfield rifle. But some experiments, 
which wore earned out by Colonel Boxer, showed that it was pos¬ 
sible to reduce tbo diameter of tlie bullet oonsidrrably without 
affecting the aconracy of shooting. He found that a reduotiou 
of diameter from 0‘568 inch to '55 inch (giving a windage of ‘022 
inch) might be safely mode, and the loading difficulty was thus 
eompletely overcome.' Otiher minor ohangos have been made, 
as, for example, the addition of a out through the paper sur- 
wunding the bullet, in order to cause the paper to disengage 
itself from the bullet in flight; the adoption of on improved 
powder,' niQte uniform in ite aetkm, and better adapted to soouro 
the jast expansion of tho bullet r tho mbstitstion df a b^ed 
city ^agferoneof box-wood, wlM, as before etated, haf super- 


Boded tho iron cup of tbo original MiniA The iron oup wan given 
up because it was liable to be blown through tho bullet; tbe 
box-wood plug was given up on aocount of tbo coat of box-wood; 
and tho clay plug was adopted oa being inexpensive and efficient. 
Tho part which tho plug plays in the action of the bullet must 
bo noticed. It is gonorally spoken of as tho expanding agent. 
'This is true to a oortoiu extent; but tbe expansion can also be 
socured without any plug. In the Fritcbett bullet, for example, 
whioh for some short time was used with the Enfield rifle, there 
is only a shallow hollow, and tho expansion is due partly to the 
action of tho gas within this hollow, and partly to the “ apset- 
tiug’’ of the bullet, which is due to its inertia. Other bullets— 
tho Whitworth, for example—depend entirely upon the “ upset¬ 
ting ” or “ over-taking ’’ action. But tho plug serves a further 
and important purpose. It is a supporting as well as an ex¬ 
panding agent Tho Pritchett bullet was found to foul, from 
the simpto reasons that tho expansion was not so promptly 
olfcctod as in a plugged bullet, and thus a rush of gas over tho 
bullet became possible, and that when the barrel hod become foul, 
the expanded sides of tho bnllet, having no internal support, 
collapsed on coming into oontoct with the fouling deposit. Tho 
plug, therefore, servos a threefold purpose:—1. It ensures tho ex¬ 
pansion. 2. It makes that expansion so prompt and rapid that 
tho chance of an escape of gas over tho bullet is diminished. 
S. It support.s tho expanded sides when the rifle has become foul. 

The construction of the Enfield rifio coctridgo is shown in 
tho illustrations in the preceding page. It consists of a hollow 
rolled cylinder of papon or rather a double cylinder, since tho 
part whioh contains tho imwder is a separate cylinder aontainod 
in tho outer envelope, by which tho bullet is attached. The 
lubrication is applied on the outside of tlio paper which sur¬ 
rounds tho Imllel—up to tho shoulder of tho bnllot—which, as 
every rifle voluntoor know.s, is loaded with tho paper upon it, 
tlio top of tho cartridge being first torn oiT, tho powder poured 
into the barrel, tho papered ballot inserted iu the muxale, tho 
rest of tho cartridgo being torn off and thrown away, and the 
bullet rammed home. The case of loading with the '55-inch 
bullet i.s so groat, that in a clean arm it is possible to loud 
without tho ramrod, by striking tho butt agamst tho ground. 

Tho bullets are modo of perfectly pure lead, tho purity of 
which is tested by chemical analysis. Any impurity tends to 
alter tho weight and to affect tho expansion, and thus to spoil tlio 
shooting of tho arm. Tho buUets are oU mode by compression — 
tlio load being first squirted into long rods—and then formed in 
a inaohino, whioh is one of the sights of Woolwich Arsenal, into 
buUots. Tho weight of each bullet, with the plug, is 530 
grains; and tho accuracy of manufacture is so great that the 
working limits ore only two grains over and under the nionn 
weight, 'i’he charge of powder is seventy grains. The Enfield 
rifio is capable of shooting with great acouraoy up to about 800 
yards, and good practice has boon made with it oooasionolly at 
longer distances. But 800 yards may practically be regarded 
as tho extreme limit of accuracy of a We so large os ‘577 inch, 
unless tho weights of bullet and powder were unlimited, whioh, 
in view of tho soldier’s requirements, of the quantity of ammu¬ 
nition which he has to carry, and of tho amount of “ kick ’’ or 
recoil which ho can endure, iioy cannot be. We have omitted 
to mention that tho pitch of rifling of the Enfield is one turn in 
six foot six inches; the grooves ore '285 inches wide, and ‘005 
inch deep at the muzzle, and -013 inch deep at the breooh. Tho 
weight of the arm is as nearly us possible nine pounds. 'Elio' 
weight of sixty rounds, packed for Bervioo, with tiio iiroportion 
of ninety caps, is about five pounds eleven onnoea. The same 
ammunition is used with all muzzle-loading rifled muskets of. 
'577 bore. A similar cartridge—difToring only in tho weight 
of the charge of powder, which is roduoed to two drams— 
is used with all muzzle-loading carbines of ‘577 bore. Tho 
carbines and the short rifles are for the most part rifled with: 
five grooves, and a pitch of one turn in forty-eight inches. This 
disjKisition of rifling is more favourable to accuracy than the 
throe grooves and slow pitch. Some oval-bore Lancaster rifles 
are in use in tho service. This rifle has no grooves. The bore 
is oval, and the oval being disposed spiislly along the barrel 
gives the necessary spin to tho bnllet. The oval is at mnszlo, 
major axis ‘598 inoh; minor axis = ‘577 inch. At breach, 
major axis a ‘598 in^minor axis = ‘580 inch. The same 
ammunition is nsed with, the Inncoster as with the Enfield rifle. 

I The shooting of tte Lanoaater is, however, deoidedly 
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MINERAL COMMERCIAL PRODUCTS.—IV. 

II.— miTBBA.t.3 PBOFEB. 

OOAIh. 

OoAIi is ft’minoral Babstanoo roiy generally diflasod throogbont 
the earth’s anifane ; it ocouts of different geologioal ages in 
Torions paits of the world, but by far the greater proportion of 
-valuable workable cool is derived from the Oarboniferons series 
of formations. Uood workable coals are obtained in the Lias 
and Oolite; brown ooala and lignites are of Tertiary ago. Coal 
oonsists of vast oolleotions of carbonisod vcgotablo matter, im¬ 
pregnated in varying degrees with the pitchy and resinous 
uubstanoes now so characteristio of the fir family. Peat bugs 
in suporfieial beds presont perhaps the first stage in such a 
obango. Those masses of vogotablo mutter, though containing 
much water, oan be mado available'for house fuel, fuel fur manu- 
fauturo, very fair charooal, and for tbo extraction of naphtha, 
paraffin, tor, etc. In the prusonco of an abundant supply of 
coal, peat cannot bo economically employed, but it is extreinoly 
useful whore ooal is sBaroo, as in Holland, many parts of iVaiioo, 
Oormany, and Ireland. A nearer approach to true ooal is the 
lignite, woody, or brown coal. This mineralised vegetable pro- 
dnet, like peat, contains a considerable quantity of moisture, 
and it suffers in quality on exposure to the air. It is a Tertiary 
deposit, and is found in Breslau, on tho Rhino, in Germany, on 
the Danube, and tho shores of the Baltic, in Kiyria, Toscany, 
Nova Scotia, Now Zealand, Devonshire, and County Antrim. 
True ooal is very compaot, ha.s for tho luoilt p.art lost its woody 
■and fibrous choractoi, and contains a very small quantity of 
eurlby matter. It oonsists of two prinei])al varieties, tho bitu- 
miuons and tho antliracitio. Bituminous coals contain a large 
proportion of gas, tar, paratliu, and snoli Bubsl.moc.s, and bnni, 
therefore, with a bvilli.ant fhimo. They are. hence, pcnnliarly 
adapted for domostio oonsumplion, for gas, manufactures, coke, 
etc. The bituminous coid richest in voLitilu constituents is the 
variety called “Oanncl”—in .Scotland tho *■ Parrot ”—whioli 
burns with groat brilUaucy. Other vivrictins are splint and cubic 
coals. A semi-bituminous coal, burning with loss brilliancy njid 
rapidity, but affording great boat, is called “ steam coal," from 
its uso in furnishing tho saiqdios of staaiu-vessols taking long 
voyages. Tho midcUe part of tho South Wales coal-field (tho 
wostem is bituminous), and a part of tbo Newcastle field recently 
worked, coutuln oxcollcul ooal of this cliaractor. 

Anthracite ooal is very Inird and glossy, not soiling tho 
-fingers. It is almost puro carbon, oonfnining but a very small 
proportion of gasoons products. It burns with a xoTjr feeble 
fiamo, but gives an intensu heat. From its compaiativo diffi¬ 
culty of combustion it was formerly but little used; but by tho 
introduction of tho hot-air blast, and other improvomonts in 
fumacos, it cun bo made iiv.ailable for many manufacturing pro¬ 
cesses, particularly that of tho preparation of iron, for which it 
is now extensively used in Wales (the oastorn part of tho coal¬ 
field being anthracite) and the United Stiites. 

Notwithstanding the onorraons consumption of this important 
fuel, tho supply wiU, perhaps, never bo oxbaustod. Immonso 
or^as in tbo New World must bo added to tio still profusely 
abundant districts of tho Old. Tho ooal area of Groat Britain 
and Ireland is about 9,000 squaro miles, that of tho rest of 
Europe about tlie same or rather loss; and to known deposits 
in Asia, Soutli America, Australia, and Africa, must be added 
150,000 square miles in tho United States and Canada. 

The following table may not oo devoid of intorost in showing 
the gradnaj but steady increase in the exports of ooal from 
tho United Kingdom from 1^54 to 1808. Tho quantities in 
-the second oolomn inolude all tho different kinds of coal, 
cinders, and exported for any purpose whatever in tons, 
while the third oolomn contains the declared value;— 


Tho avotogo annual produce of the principal coal distriots of 
iho globe, oouordiug to the latest returns, is as follows:— 


Ton*. 

Iriiain . 101,020.000 tTnitod 
rollvsiciu 1 States 

(with ).25,000,000 Belgium, 
lignite) j Austria , 

iVaaoe- . 11,000,000 Spain . 


Ton*. 

1.16,472,000 
4.000,000 
2,270,000 
400,000 


Sweden . 
India. , , 
JkViitralia . 
China . . 
Bora Scotia 


Tmt. 

290,000 

870,000 

450,000 

100,000 

651,300 


Tears. 

Tods. 

Deo. Value. 

1 Tears. 

Tons. 

Doc. Value. 

1864 

4,308.eK 

B3.127,1.58 

' 1862 

8,301,852 

8,275,212 

£3,750,867 

1855 

4,976,902 

2,446,311 

, 1803 

3,718,798 

1866 

5,879,779 

2,828,.582 

! 1884 

8,809,908 

4.165.773 

1837 

6,737,718 

3,310,066 

, 1865 

9,170,477 

4,427,177 

2858 

6,5;»,483 

3,015,434 

1 1866 

9,953,712 

5,102,805 

2869 

7,006^49 

3,270.013 

' 1307 

10,416,778 

5,393,453 

2860 

1861 

7,321,833 

7,855,115 

3,316,281 

8.604,700 

1 1803 

10.837,513 

6,355,791 


niTuiiiirous bitbstancxs. 

Many bituminous substancos are produced in vegetable 
matter during its conversion into coal; tbo chief of those are 
uaphtlia, petroleum, and aspholte, wliioh are all hydro-oarbona 
of varying proportions, and of an inflammable nature. Tho 
bituminous sulistauccs aro widely distributed, espeoiolly in tho 
tropical and sub-tropical regions—a circumstance which evi¬ 
dently indicates that tho snbstanecs aro duo to extonsivoly 
oporating natural causes, and not, as usually supposed, to the 
accidmital combinatluu of sjiocial agencies. 

Tliu modus of occiuTonoe of asphalto deposits seem referable ' 
to three prindpal divisions :~1. In tho rocks of igneous origin ; 
this is the case in Cuba, and at Mount Lebanon. 2. In Btratified 
rocks of tho Palmozoio and Mesozoic epochs, usually dissemi¬ 
nated in a granular form throughout tho entire stratum, or 
issuing from tliu soil, or oxuiling from fissures in tho rooks, in 
tho form of springs of pctrolemn, naphtha', oto. 3. In rocks of 
Tortiary ago, naiuilly acoompanied by lignite or brown coal. 
Theso arc the most abundant sources of asphaltio aubatances, 
and include those of Pegu, Trinidad, etc. 

XitxMha is a transparent and nearly colourless fluid, burning 
with a ooiuoiis flame and strong odour, and leaving no residuum. 

1‘clnikum is dark-coloured, and thicker than common tar. It 
rises in immonso quantities from some of our ooal-beds, and 
impregnates tho earth so as to form springs and wells. Potro- 
Icutn springs contain a mixturu of petroleum and the various 
suVstaiicus alliod to it: they occur in abnudanco in Modena and 
Put ua, Italy, Persia, Canada, United States, etc., but the most 
powerful are those in tho provmoo of Pegu, in the Burmott 
Emph-c. In many parts of tho world petroleum is now the most 
abundant source of pbotogon and paraffin. The petroleum or 
rock-oil of the United 8tutcs is refined for illuminating pur¬ 
poses, while in tho crude state it is a good lubricant. 

JHtuinen, or As^j/ialk', is an Inspissated mineral oil, of a dark- 
brown or bkiclc colour, with a strong odour of tar; tho mosli 
valuablu is bard, brittle, of a brilliant lustre, and eminently 
concboidal fracture; a variety occurs of the eonsistonoy of jolly; 
and bearing some resemblance to soft india-rubber. It is very 
abiuidant ou tbo shores of tho Dead Sea, occupies the so-called 
pitch-lake in Trinidad, and occurs in Cuba, Peru, Mexico, lunhm. 
Isles, Portugal, etc. Tho Bangoon tar or Burmese naphtha is 
distilled from a number of volatile hydro-carbons, chiefly used 
as lamp fnelc; those known as Shorwoodolo and Bolmontina 
linvo oonsidor.ablo detergent power, removing stains from silk 
without impairing delicate colours. Bods of limestone and clay 
occur improguatod with bitumen, and from such paxoffin is dis- 
tillod ill Britain, Germany, Franco, Austria, etc. 

Jet, so much prized in tlio manufacture of ornaments for its 
intensu blackness, its lightness, and its beautiful polish, is a 
vorioty of lignite highly bituminised and free from earthy im¬ 
purities, and resembles Cannol coal, but it is blocker, and has . 
a more brilliant lustre. It occurs in tho Upper lias of Whitby, 
in which it is very abundant, in Languedoc, Asturias, tbo Alps, 
Gollicia, ttod Massaohusotta. Tho value of tho jot manufooturo 
of Whitby is about di28,000 per anuum. 

Amber is a fossil gum, tlio origin of which hos been traced to 
coniferous trees, and is found in aJhiviol gravels. It oocurs, 
too, in the Cratooeoua marls of France and Grermany. It is 
procured from Prussia, tho shores of tho Baltic, the Adnatio 
and Sicilian shores, and from Japan, Madagascar, sad Hut 
Philippine Islands. 

Gfum Oopal is a semi-foasiliBed gum found in a flsndy sou in 
tho hilly districts all along tho coasts of AngolA,th3 total yearly 
export of which from all tho distriots of Angola is estimated at 
2,000,000 lb. A gum oopol is obtoined u»dM sfa iB il a r oondi- 
tions from Sierra Leone and Zanzibnx, the ongm of which, ss 
well as -that of Angola, is still unknown. 

Some copal resins are exudations from livinff ttees, as that 
I fuinlshod by Quibortia coxi(tVifer<fi of Siena Loonc, and others- 
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TECHNICAL DRAWING.—V. 

VBBIHAND SBAWIKO (cMlttnuecZ). 

AOBEBABLY irith the plea already laid down, to praotiae free* 
hand oonoimently with linear drawing', the following' figoree 
are girea as ezamples of objeoti which are ao nearly flat that 
they oah be rendered by their outUnee only, without a know* 
ledge of perspective, which the atndent ^s yet to acquire, 
oad ia which les- 
sonawOl be given 
farther on. 

Fig. 25 repre- 
eenta a pair of 
oompaaaes, anch 
aa are commonly 
need by joiners. 

In beginning this 
simple subject, 
draw a horizontal 
line, and on it 
erect the porpen- 
dionlar A b. 

From A set off 
A c and A B, and 
joining b c and 
B B, complete the triangle 
CBB. 

The apex of this triangle 
will be the centre of the 
rivet. Diawthe small circle 
around this point, and the 
larger circle for the head 
of the compsases. 

Next draw the lines e c 
and FB, which form the 
voter aides of the instru¬ 
ment, and which aieslightly 
onrv^. The inner sidoa to 
a and b axe straight, and 
axe portions of the triangle 
previoosly drawn. The 
lines 1 and 3 correspond 
with the outer edges, of 
wldoh, indeed, they form 
portions when the compass 
is closed. 

Fig. 26 is an ontline of 
a shaping-knife, and but 
'very few instructions will 



Fig. 26. 



This habit of observation ia one of the bonefioial results of 
mental trtiining, and no inatiuotion ia so likely to induce it as 
drawing; for a man who aoonstoms himself to draw from objects, 
wiU, in tbe old-fsbshioned words, “'walk through the world with 
his eyes open,’’ and every day, nay, every hour, will add to his 
stock of information, and of power of delineating the objocte 
he sees. To workmen this ie espeoially important, and practice 
in drawing tools will be both interesting a^ useful. 

In the figure 
now beforo ns, 
the long oblique 
lino, a b, forming 
the back of the 
saw, is to be 
drawn first, and 
then 5 0 at right 
angles to a h. 
At a, a short 
curve-will load to 
the lino J, ■which 
is a continua¬ 
tion of the baok|; 
thence the line 
turns to e, form¬ 
ing the end of 
the saw. RoA e draw a 
fine line on which to rest 
■Uie edge, and on this sot 
off the distances of the 
points of the tooth; on 
these points the short lines 
forming the front edges of 
tho tooth are to bo drawn. 
It is advisable that these 
should all bo drawn first, 
as it is then oasior 'to .see 
whether they arc all at 
equal distances, or parallel 
to each other, or not. 'When 
those are satisfactorily 
done, the back lino of each 
■tooth may be drawn. 

The hwdlS must now bo 
added, and this requires 
some little care. 

Carry on tho line from 
{> in a curve downwards, 
and then the eyo must di¬ 
rect you in following the 


be xeqiuied teat copying it. Draw a horizontal line for the book 
of the tool, and two lines at right angles to it, which are to 
form the centre lines of the handles. The instructions given 
in relation to the handle-of the screwdriver will serve for these 
as 'well: bnt you must be oarefnl to get the two handles 
preriwlv alike. When this is acoomplished, draw the edge of 
the Made parallel to the back, aad then oomploto tbe curved 
pertiona by which 'the Made is united to the handle. 

Fig. ia a drawing of a tool with which the carpenter will 
be w^Mqnainted; bnt it often happens that although we may 
have seen a thing didly, we have never noticed the peculiarities 
in Hs fam which nugr strike a coansl observer. 


form until you come to ff. Eetuming to /, draw/h, and follow 
the curve to t; next, the under side of the handle, t j, then 
tho curve g j will complete the external form of the handle. 

Now return to the point i, and carry the curve round eo as to 
form tho inside of the handle. The screws are to bo drawn 
next, and no workman will require to be reminded that these 
must bo placed inside the line he; in faot« it was to make 
sure that the screws should be rightly plac^ that the whole 
Ime 6 e has been drawn, whilst only the portion i e is re¬ 
quired. 

Now, all Saw-hoadlea are not precisely alike, and further, their 
edges are bovtUed off, so that at/h i, etc., double lines would be 


TECHNICAL DEAWING. 
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seen. AU this ia. however, omitted here, eo as to keep the 
example as simple as possibk. When, however, this ia mastered, 
the atndent ia advised to make a drawing from hi$ own twui, and 
having sketched the general form aa in the present figure, to 

fill in any detail he may 
= observe. 

But he should also at¬ 
tempt to draw it in some 
other position: for in- 
stanoe, hanging by the 
handle from a nail in the 
wall. 

Whilst making such a 
sketch, the paper must 
bo kept perfectly straight 
in front of the student; 
but when the form is 
completed, he should 
turn it so that it may be 
in the position of that 
in Fig. 27, and ho will 
then possibly see many 
points requiring correc¬ 
tion. Still, it is neces¬ 
sary that he should bo- 
como accustomed to 
sketching objects in any 
^position in which they 
may be placed, and this 
will soon be accom¬ 
plished by practice and 
perseveranoe. 

LiNSAU SBAWirra by means of instbuments (eontin'ued). 

Fig. 28 ia the section of a dam, or wall of planks, which 
confines the soil subject to the action of water. Of coarse, 
the strength required for 
such a dam must depend 
on the height of the wator- 
IcTol—that is, the wall must 
bo strong in proportion to 
its height. Fig. 28 is one 
of the simplest examples 
of these constructions, and 
consists of piles, placed at 
a distance from each other, 
which must bo regulated, 
first, by the nature of the 
soil at the back of [the dam, 
and its tendency to press 
forward; and secondly, by 
the thickness of the planks 
employed for the wall, whiob 
must he such as to resist 
their being bent by the force 
of the soil they confine. Of 
course, the more such pros- 
aure is to be expected, the 
doser must the pQos bo 
plaoed. 

The piles are in the above 
example connected at the 
top by a cross-timber, into 
which they are mortisod. 

The planks are then plaoed 
horizontally at the back of 
tho piles, and may bo united 
by the methods shown in 
previous lessons. 

The drawing in this subject is very simple. First, the pile 
a, with section of the oross-beam h ; next, a line parallel to the 
inner side of tho pUe, and at a distance from it equal to the 
thickness of the planks of which the wall is to be eonstruoted; 
between these two lines short horizontals ore to be drawn, or 
the joints of the edges shown, according to the method adopted. 

Fig. 29 ie the section of a dam used in oases where the soil 
is very swampy & ohoiaoto, or where the external water 
might pass tiowngh flsanres in the bed of thf stream, and so 




enter the foundation at a lower level than the bottom of the 
wall adopted in the previous ease. Tho plan here adopted* is 
to drive in the strong pQea a, and to oounect these by the 
cross-timber b, partially sunk and temporarily fastened on to 
them. Another timber, 
d, is then to be laid on 
the bed of the water, 
parallel to h, and this 
is also to be bolted on 
to the piles, and at the 
book of those the wall _ 
of perpendicular plonks, ~ 
united at their edge by - 
one of the methods al- ^ 
ready shown; or shoot- — 
plies, c, may be used— ~ 

those are driven down _ 
far below tho bed of the _ 
water, as the ciroom- — 
stances may require. — 

Each of these planks — 
having been driven until -SS 
it reaches more soliduoil, g 
the strong rail, e, is 
placed at tho back of 
them, and a bolt passing 
through e, b, and a binds 
them all firmly together; 
tho heads of tho planks 
arc then sawn oft to one 
level. 

Fig. 30 is a section of 
one of the walls of a cofiet-dam. A coffer-dam may be defined 
as a water-tight wall, enclosing the site on wMoh '^e pile of a 
bridge or other struoturo surrounded by water is to bo erected. 

Coffer-dams are, of course, constructed of a strength sufficient 

to bear the pressure of the 
water from without, which 
would sometimes damage, 
cr even demolish them alto¬ 
gether, were it not that they 
are secured by struts, and 
otherwise strengthened. 

The coffer-dam, of which 
Fig. 30 is a section, is one 
of the simplest used; it con¬ 
sists of a double row of 
piles, a, a, united by the 
head-piece, h, the rows of 
piles being kept at equal 
distances from each other 
by croas-tunbers, c, which,' 
as will be seen in the illus¬ 
tration, act as a cramp in 
preventing them either 
spreading outward, or being 
pressed inward. 

Walls of planks, d, d, oro 
next attached to tho inner 
sides of the piles, tiie in¬ 
ternal space being then 
rammed with elay, etc. 

In drawing this and tke 
future examples, the atn- 
dents are reminded that they 
ore arranged progressively, 
and that os the aubjeots 
increase in diffioulty, addi¬ 
tional care and aoonracy are 
required. Agaiu they are urged not to be content with their 
work being nsarly right. To carpenters and joiners this 
aoouracy is especi^y important, for the different parts, got 
oat by separate workmen, must, when teqnired, fit 'exactly to 
each other, and this would not be the case if either one of 
them 1^ been careless or inaccurate. Thia exaoritnde ia only 
to be obtained by aoonrtoming yourself, from the very outset, to 
measure with care, and to draw yonx Ikfla exactly through the 
proper poiate. 
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TECHNICAL EDUCATION ON THE 
CONTINENT.—III. 

By EU.IS A. Davxdbos. 

HODBLB TIBKD IN 'TEACHISCJ ANIMAL PHTSIOLOiOT—THE 
POLTTBOMNIO SCHOOL IN HANOVNK. 

The gMEt aiunber and Tarioty of tho sots of modok for 
teaching pnotical art which aro published on tho Continent, 
show tihdr exteniiiTO uso in the schook and the appreciation 
of tho teaoheia. Opportunities will be taken, when describing 
tho loading sohook, to giro some account of tho models and 
teaching apparatus employed. Such methods of dlustration 
ere not, howevor, confined to the mechanical arts, nor is tho 
eduoalaon of iho workman on tho Continont limited to tho 
precise branches whiifii ho may require in hi.s occupation. This 
arises fror.' the oircumstauoo that ho luis ororoouio tlio rougher 
and moro irksome portions of study in his youth, and thus in 
maturcr years he has time and mind to spare, so that os ho 
passes through tlio garden of this world, he need not spend all 
his time in simply gathering sticks for his immediate use as 
fuel, but retains enough of tho freedom or elasticity of yonth to 
rejoice at the eight of tho lovely flowers which ornament his 
path, to gather and examino into their wonderful structuro; 
ho has time to study the elaborate oonstructiou of bis own 
frame, and the natural history of tho bird which gaily floats 
past him in tlie air. Those studios tend to elevate and refine ; 
they give the Ufo of an artisan an aim beyond hewing wood 
and drawing water; they give him sources of happiness and 
amusement which ho can take up after his day’s toil-amusu- 
ments which can bo pursued al home, ami in which hie wife and 
children can partake —^amusements which, os ho walks to his 
work next morning, afford him happy rofloction, thus causing 
him to meet his follow-men witli a ohoorfnl and contented 
mien: how different from that of tho man who in his shop- 
mates only sees tho boon-companions of tbo previous evening’s 
carousal, on tho details of which each in hk sober moments 
looks back with shame! There is moro religion, moro moitiiity, 
brought about by this popularising of Hcieiioo than iiuuiy 
persons think. The man who has made the worics of Uod his 
study during tho week, will not waste tho morning of tho 
Sabbath day in Iktloss idleness and tho evening in smoking 
and drinking. Ho will look upon it as a day when, together 
with his family, bo may undisturbedly contemplate God’s 
works, and walk hand-in-kuid to tho house of prayer, realising 
the truth of the text, “Man doth not live by bread oidy, 
but by every word that proceodoth out of tlio mouth of tho 
Lord doth man live.” Tho suhjocst of phy.siology is one of 
importance in'tlio instruction of working men. Wo sec many 
who, when a hinge of a door in their house lutppons to have 
given way, a board of the floor become loosened, or an article of 
furniture out of onlor, bi'ing homo with them tho necessary 
screws, noik, etc., and at oneo sot about repairing; but, owing to 
tho neglect in their education, they know'nothing of tlio “ house 
they live in,” tho body in which their Creator has placed that 
Bpirit with which he has endowed them, and for tho care of 
whidi ho holds them responsible. They will learn that tom- 
penmoo in food and drink, cleanliness, and proper oxoroise will 
doable tho value of thdr own lives and those of their children. 

Human physiology and zoology ought to form portions of 
general oduoation, and no doubt will become so in this country, 
as they ore on the Continent, when our teachers shall have bo- 
oome duly qualified j and for tliis purpose wo require sucli niodck 
as are about to be described. A learned Englkh iirnfcssor.'iu 
reviewing the study of physiology in a school, remarked that 
“ the teacher should obtain heads, heorts, etc., of shecii, oxen, 
and other onimak, and dissect iu the prosouco of tbo boys.” 
How it is Boorcely necessary to say that this is wholly impr.Kj- 
tioablo in schook for boyB, and difficult of aoocmplisbment in 
those for adults. This obstacle is in a great measure ovoreome 
by the excoUont—it may bo said wonderful—modek of mitural 
Bubjocts used in tho schook on tho Continent, yoremost amongst 
these ranks tho “ clnstio anatomioal models,” by Dr. Auzoux, of 
Paris. Tho term “ clastio ” is derived from the Greek uAaa, 
J ireaie, and is applied beoauao the models aro composed of an 
immense number of separate pieces, each of which may be 
removed as in a real dissection, and oam be replaced. Amongst 
those there it a complete life-siiod model of the human body, 
eomposed of 130 parts, all of wMoh may be dotuohed, thus 


exposing to view upwards of 1,000 objects, comprising the 
leading features of tho bony, musqular, uervons, arterial, and 
venous systems; the heart, brain, lungs, viscera, eto., all 
coloured to nature. This k, of course, a most complex objeot, 
adapted for a very high order of teaching, such os would be 
Xmrsnod in a toohnicol course preaoribed for persons who aro 
subsequently to follow the study oi medicine, and serves ad¬ 
mirably to prepare for, though of eonrse it cannot supply the 
place of, absolute diBseotlun; but as it illustrates {lorfectly 
the descriptions contained in the most complete treotiBeB on 
anatomy, it is invaluable to tho lecturer. This model may also 
bu hod of a smaller size (3|i foot high), but containing tho same 
number of parts as tho one before-mentioned. The model adapted 
for teaching human tffiysiolugy in schook and soionce classes, 
where tho instruction is of a moro general character, is 5 foot 9 
inches high. It ropresonta on tho one side the muscles and 
vc.ssok of the superficial layer, and on tlie other the muscles, 
vessels, and nerves of tho inner layer, besides other organs, as 
in tho comideto model. This, too, is used of a smaller size. 

Another model shows tho cyo greatly enlarged, with parts of 
tho orbit, iliu muscles, vessels, nerves, membranes, vitroons 
humour, crystalline lens, etc.; also modek showing sections of 
tho heart, brain, etc. Hext we find a complete model of a 
horse, size of life, divkiblo into 200 pkocs, comprking more 
than 3,000 minutifc; a modol of tho foot of a horse, showing 
tho disiiosition of tho hoof, of the vessok, nerves, etc., all tho 
park separating; another, illustrating tho uifeotions of the bono 
in the horsu, showing f’-um the commonconiout to their full 
development tho diseases known under tho names of apbnts, 
spavins, eto. Tlio boa constrictor, 7 feet in length, with its 
ooDiploto anatomy ; tho silk-worm, 2 fed C inches long, show¬ 
ing tho alimentary canal, muscles, norres, trachea, and tho 
apiiaraius for tho formation of tho silk; bees, magnified to 
about 3 inches iu longtli, showing the male, qnecn, honey, and 
wax boos, tho honey colls, tho development of the krva, etc. 
Wo aku find in use a set of modok by tho same author for 
exhihitmg tho fuue.tional distinctions of mammalin, birds, 
reptiles, lishe.s, and protozoa, and the different orders into 
which they are divided. Div Auzonx has also ijublkhod a set of 
very largo models of plants, showing tho most minute ijortiona 
of vegetable organisation in tho various stages of dcvolojiment— 
tho seed, flowers, and frait. Tho whole collection is offinfinito 
interest, teeming with instruction, whilst tho size of tho modok 
is such as to enable tlio lecturer to explain tho position and uso 
of oven tho smallest organ; but, unfortuiuitoly, the prices of 
those models is necessarily so high as to place them far beyond 
the reach of most schools or institutions. Were, however, a 
workmen’s “voroin,” or union, formed, single models might bo 
obtained, which could be circukted to tbo cl,asses in oennectiou 
with the parent institution, in tho same manner that books, 
))icturo8, etc., are lent to local schook by tho Government 
Department of Soionoo and Art. It is impossible to understand 
oloariy tbo action of any machine without a knowledge of its 
various xiorts; and as both the animal and vegetable structures 
are by far moro comidox, and contain more minute porta, onoh 
having its special function, it is certain that physiology cannot bo 
sncocfrfnlly taught without tangible illustrations such as those, 
which, as already said, aro second only to absolute dissection. 

These modok have been thus fully desoribod, and their lugS 
price hinted at, in tho hope that some of tho skilled workmen 
who rood these pinpers may be induced to attempt on imitation 
of at lca.st a few of the simpler ones; and oven in this admir¬ 
able sot there aro omissions which possibly might be supplied 
by Englishmen. Amongst modek which may he suggested to 
be made aro longitudinal and cross sections of bone, showing 
the Haversian oanols; a joint, such as tliat ot the knee, show¬ 
ing tho synovial bursa (or, as mnohinists would call it, tho 
“oil enp”), by means of which tho joint is lubricated oi> 
greased; it would also bo useful to have a modol of a section 
of the skin, with tho perspiratory glands, eto., showing the ill 
effects of the want of cleanliness in allowing tho pores to be¬ 
come stopiwd up. Tho material employed might be plaster of 
Paris, papier-maofac, gutta-porcha, or composition tff various 
kinds, coloured and varnisbod. The fine exhibition at the 
Agrionltural Hall, London, in 1870, has shown what artisans 
can do; and thia suggestion is made with every hope that it 
will be well received and acted upon. 

' Another set of modek for teaching botany is monnfaotnied 
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In Broalan, and is, as it deseircs to be, rery cxtensiTofy used. 
It oonsista of buds, flowers, fmit, eto^ made of t.liin metal 
obloTired to nature, mounted on stands, and arranged accord¬ 
ing to both the Linnican and natural systems. Amongst the 
models of the first series are plants exhibiting the differonoo 
between monoootyledons and dicotyledons, etc., the second series 
shows the germination and doTolopment of Tarious leading 
families of plants. Anotlior series is, we hear, in preparation, 
which, when a knowledge of the previous sets has been acquired, 
will bo of immense servioo in tlio study of economic botany. In 
this series will bff given the leading plants nsod in trade, manu¬ 
factures, food, etc., and will thus enable tho teachers to show 
imitations of objects when they would bo out of season, and 
to show tho natural growth of snch as only roach this country 
in a dried or manufactured condition. 

Tlio most extensive sot of illustrations of objects of iiatnraJ 
history is ono which, originating in Prague, has spread far and 
wide. It oonsists, in tho flr.-<t phico, of tho real skedotons of 
animals, bleaflind and jointed with wire; next, the animals 
oomplcte, stnlfed. Then follow such os a squirrel, bird, crab, 
lizard, snake, frog, fish, etc., tho W.iod-vessolR, etc., being in¬ 
jected with eolonrnd fluids to show tlio circulation ; and this set 
is ooniplotod by collections of animals preserved in spirii. 
AnoUier sootion cnmprisc.s dried specimens of animal life, and 
contains such creatures as tho lobster, the water-.spidor, various 
fishes, tho I ,;a-urcliin, seOr-stur, sponge, cto. Next follow ool- 
loetions of insects, shells, and corals, arranged according to tho 
most modem el.assification ; colleotions of niinerals, crystals, 
petrifactions, and fossils, cither rcaleor imitated in plaster of 
Paris. Tins eoniprohcnsivc set embraces also lOO models in 
plasli'r of iiolyeystiiKO and foraminiferiu (sne “ C.assoll’s Animal 
Kingilom ”), e:i('h being (ivo or six inch<’3 high, .and nro exeocJ- 
ingly us<‘fiil in chi-, ! teaching, lieing absolutd reproduction:! on 
an immensely incrcahcil s'-alt! of ilieso initiuto microscojiic 
organisms to wliich we ow.' so iiineh of iho cartli's crus L. 
Together with the,-;(> a tecliiiical collceti'm is used; this C(!m- 
prohends. among.-.t niinieron-; othnr objed-, .‘-l.ios, fiirs, .and 
leathers; wool, raw and tuiir'iifactim-d ; si!!:, a;i.l sillcfabrics ; 
cotton, raw and mannfactnrcd; limn goods, jsjper, woods, etc. 
This coUeotion difl'ers from tho iniscelhiiifyns oiio n-'cil in 
English schools under tho mime of “object boxe--.'’ In ono 
moderate-sized ease then) ai-e aliovo COO stih-,{,iuees, eoTitalncd 
in sot) card1m;inl bo.V's, and ah mt J 10 other.-, e'll <■- ] h,'-i.d jn 
bottles ormonnted (III cards, 'i'lies,- plaeisi a’. nnd (!io schools, 
their names and some fmv partienlars b,.i!ig ajipouded. must 
attrairt tho attctition of ehildi-en, and thi.s s.ilent teacliiog goes 
imperceptibly on; and when the rigid time CiUiies tho little 
pupils do not atiproaeh the l(*s-;ou,! in fear of ditficnlty, but 
are interested iu tho subjects and aii.-tious to learn about 
thorn. 

In Austria wo also find in u.-'c a fine collection of nifidols ef 
fish, all correctly coloured to natm-i-. 'i’his iu found very u.-efal, 
for as a rule wo see tcwvr members of tli • llnny tribes then 
of any other, tl'o knowledge of the foviu of ino.-t t f tliom being 
in many oases limited to sneb as belong to tiie locality. This 
sot place.* bofonj tho pujiils wcll-exeeuted r.iodelN pruperly 
classified, and thus is of material .service. In Ansiria, too, w.s 
have oolloctions of sooils, arranged i;) sunk corapartwcuts on 
trays, like coin-boxes, sots of hinla’ eggs, cocoons, cto. 

Having thus given a general description of somo of tho 
appliances used in toohnical institutions on the Continent, the 
various educational ostablishmonls must now occupy our atten¬ 
tion, tho models, apparatus, diagrams, etc., employed in each 
being described in conneotion with the systems wider con¬ 
sideration. 

THE POLYTEaHNIC BCIIOOI, IN HANOVER. 

This institution, which ranks as one of tho most important 
in Europo, is under tho administration of the Koyal Commission 
for Trade Schools (Gowerbosohulou), organised by tho decree of 
tho Ministry for Finance and Commerce, dated Juno 15, 1835. 

This royal commission is also eharged with tho direction of 
the sehool for building construction in Nionburg, tho higher 
working school in Hildeshoim (hohorC Gewsrkonschulc), and 
tho ooUeotivo trade sobools in the provinces. It is osiMcially 
tho dnty of this body to see that tho anthorised arrangemeuts 
and course of studies ore rigidly carried out—^that tho sehool 
regulations are observed by all coneemud,' to appoint the 


teachers in tho varions trade schools, and to snperviso the 
proper approi)riation of tho pecuniary resources. 

The commission, which is directly under tho Minister of tho 
Interior, and by the onoetmont of September, 1808, consists of 
seven persons, namely, four members who do not belong to the 
Polytechnic Sehool, together with the director, one professor, 
and the principal (syndicus) of tliat institution. 


PR0.JECTI01ir.-_IV. 

rKOJEC'JTON ON THE INCLINED PLANE. 

OiV referring to tho projection of the cube (Fig. 17), it will 
bo seen that it is there represented as if placed with its faces 
at 45“ to the vortical plane, tho lino of tho diagonal of the plan 
being parallel to tho vertioal plane. Wo must now oonsidor 
tho mode of jirojocting views of objects, at whatever angle they 
may be placed in relation to both planes. 

Let it be reriuived, then, to project tho cnbo when its faces are 
at 80“ and (i0“ io the vortical, and when it stands on a plane 
inclined at ‘2'P to the horizbntal phino. It may hoi'o bo xjohitod 
out, that ill projecting views it is necessary to raise tho objects 
at one side, or to jdaco them on inclinod plaiyia; for otherwise, 
as they are supiiosod to bo exactly on tho level of tho eye, tho 
elevation only (as in Fig. 17) would bo soon, but when raised 
at ono side the top becomes visible. 

riaeo tho jilan (Fig. 35) at the required angles to tlio inter¬ 
secting line. Draw tho lino A (Fig. CO) at 25“ above the line. 
This line represents tho oiigu (or sMe elevation) of tho inclined 
l)l:in(> on which the cube is Mippo-cd to stand. 

IJr.aw tho line i) (Fig.:!,')) at r'gi.t angles to tho intersecting 
lino, and from a h c d draw linos at right angles to it, and 
cutting it ill <d h' r'd'. 

!Nov>' It v.-ill be evident that tlie.so would bo the widths which 
vvonhl bo iiroi’cnt'd to tho view of tlio spectator when looking 
at tho f'idi s (I c d from tho point c in iliroction of tho arrow, 
and the: efore, if periiondieulars (xiutil to the height of tho cube 
bo diuv.'ii on a'h'ri il', and their extremities joined by a lino 
Xiarallel to Ji, n will l)o the elevation of those sides. 

Ji'ig. :>!! —Traiis fer tho points a' V c' (V to tho inclined plane 
(\), <n i.'ii'-m construct tho elevation as at l). Idio ixjr- 
I pe.idi.'iii; I- at h is to bo a dotted lino ; for, altliongh known to 
cxisi., it wotibj not be scon from o unless tho object were sup- 
po.sed to I'o trarisparimt. 

Now, by drawing perpendiculars from tho points in tho plan, 
and iiiterseetiiig tlie.u by lierizonle.l!! from tne, points corresriond- 
ingJy lettered iu tho clovatioii. the projection E (Fig. 37) will 
bo obtained. 

It i-i now ucnessiiry to oljtaiii the upper projection of tho 
object—that i -. the view from p, looking iu tlio direction of tho 
arrow. 

Now il must be remembered that tho elevation on tho inclined 
lilane _■* t.io view obtained from 0 (Pig. 85). It is therefore 
necessary that as tliis elevation lias liecn tumetlround, the widths 
of tho plan slionld be turned round also. Take tho lino c j, 
wuicli in tho plan is at right angles to iho vortical piano, and 
place it (indefinite in length) ]iarallel to tho interKoetiJig lino 
(Fig. 88). Draw a perpendicular from n, in tho elevation (Fig. 
8(1), to cut r/in «. This gives tho plan of tho ono angle of the 
top of tho cube. I’roiu 6 draw a porpendioular. outtuig cfiiig, 
and from g set off on this jicrpcadioular the distance h g' in tho 
plan (Fig. 35), viz., to h, F)-om c (Fig. 3G) drawa iicrpcndicular, 
cutting € f i)) h; from h set off h' c of tho plan—viz., to c. 
From d draw a poriicndioular entting e f in i. From i set off 
tho lengili i d of the i)lau. Join nb c it, and this figure will 
be tho jilan of tho u;>j)cr surface of tho cnbo. From each of 
tlipao points draw lines jiai’allol to I L, intersect these by per- 
pendienlars from the correspemding jioints in the bottom, of tho 
elevation, and lines connecting tiieso iioints will complete tho 
projection of tho cube when viewed liom above. 

HIDE OH END ELEVATIONS. 

Tlio last lesson will have shown us that other views besides 
front elevation.-! nro necessary. Those are called side or end 
elevation'!. In objects which aro uniform in diaraotor, snch 
aa tho cube (Fig. 37), tho elevation of each end may be the same; 
but in a locomotive engine, a lathe, etc., the end elevations 
differ mutorioUy from each other, and in saob cases several 
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drawings ato necessary in tbeir oonstruoiion and in tiieit 
projection. 

The model shows in Fig. 39 is similar to that given in the 
first lesson; but the ver^cal plane, instead of being made of 
one piece, rotates on hinges at a b, and may be brought forward 
to e, so as to ^ at right anglos to both plimes. 

Let ns now plaoe a thin motal plate, d ef g, perpendicolarly 
on the horisontal plane, with its surface parallel to the vertioid 
plane; then it will be soon that hij k is the front olovation, 
and that the view when looking at its edge, in the direction of 
the orrowt will be the line I m projected in the plane ab cn, 
and this Is-the end elevation. If now this plane bo tornod 
bock to its original position (that is, rotated on the line a b) 
until it forma a continnation of the vortical plane, and e has 
moved to c', the end and front deration will appear on the I 


edges are parallel to the vertical plane ; the elevation is then 
shown in &e dotted parallelogram, b e d e. Let ns now raise 
the prism at one end (Fig. 45), so th^t its under side is ai 20° 
to the horizontal plane. In tiiis cose it will be seen that the 
prism rests upon the line e/, and the points of the end deva- 
I tion will now become visible in the plan, and if this plan be 
{tamed (as at Fig. 46) at an angle (say 45°) to i L, perpendicular 
! linos from the points of the plan intersected by horizontal lines 
I from the elevation will give the projection of the object at a 
compound angle (Fig. 47). 

Fig. 48 shows the plan, and Fig. 49 the elevation of four 
such prisms meeting at a point, a figure which very frequently 
occurs in designing or drawing the roofs of houses, ehurches, 
etc. 

The plan is formed of two figures similar to the plan of the 



Mmo plane; it will then bo seen that the height of I'm' is the 
same as h J, and that in its motion the point I will have travelled 
througlf a quarter of a circle. 

If now the vertioal and horizontal plane be oonvorted into 
one fiat snrfaoe, by withdrawing the pin r, the plan and the 
front and end election will be found to bo those represented 
in Fig. 40. 

Fig. 41 is the end elevation, and Fig. 42 is tho plan of a 
triangular {mam when lying on one of its lorig sides, its edges 
being at right angles and its end parallel to the vertical piano; 
thus the exact shape of the end—^that of an equilateral triangle 
—ia presented to view. But when tho prism is tnmed, so that 
the plan is at an angle to the vertioal piano (Fig. ^a), the 
elevation (Fig. 43b) beoomea materially altorod; for as the 
object has rotated on the point b, a has receded, whilst / has 
advanced, and the apex, d, of the opposita end, which in Fig. 
41 was ^den beyond e, now heebmes visible; the height, how- 
evw, reinsins iho same as in the original figure. 

Kg. 4i.—~Srte tho plan abef it further rotated until its 


last prism, crossing each other at right angles, and from this 
tho elevation is easily projected. 

Figs. 50 and 51 show the projections of tho object when 
placed at an angle to tiio vertioal plane; and Fig. 52 is tho 
development of one of tho four parts of whioh ihe model is 
composed. To construct this development on a straight line, 
sot off three spaces equal in width to tho sides of the prism, 
a' b f a, and erect perpondioulars ttom. the points. Make these 
perpendiculars equal to tho linea aimilarly'lettetod in the plan. 
Now it will be clear that when two pan^alogiama, like those 
forming the plan of tho prism, oroes oooh othm, they will form 
four right angles at the centre. Tbereforo, at d' and e oon- 
stmet angles of 45°, whioh will meet in e and fom tho required 
right luigle, and this will complete the under aide. Draw e h 
and e t at right onglea to e e and d' e, and equal to tho altitude 
of the triangle g c in 41. Join d' i and h e. Then the 
right-angled triangles, d' c 4 and e eh, turned up at right angles 
^ to a b c d e, will form the npright aides of the mitre; i and h 
wiU than ooma together, l^e triangular end, which is repxe- 























Boutcil aa bont 
down, being now 
turned upward at 
right angles to 
the under side, 
the two upper 
sides are to be 
bent over. Then 
c will meet h i, 
f will meet c", 
and d a will meet 
d'a'. 

'rnc iT.ojECTioN 
OF rOLYOON'S. 

In Fig-!. 53 to 
CO the mode of 
projecting ajdano 
pentagon is 
shown. 

P.'g. 53. — Lot 
ABODE be 
the geometrical 
ligiu-e when lying 
£al on the hori¬ 
zontal plane with 
one edge, A and 
li, at right angles 
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radius A c and 
A E, describe arcs 



cutting the lino 
in points corre¬ 
spondingly let¬ 
tered. This, then, 
will be the eleva¬ 
tion. Prom e 
draw a perpen¬ 
dicular cutting 
s/in s'. From o 
and o draw lines 
poxoUel to s /. 
Then petpendien- 
lan dnwn from* 

in the elevation 
will out those last- 
mentioned lines in 
c* cT. Join B d', 

d' s' o', o' A, 

which will com-' 
plete the plan of 
tiMfignre. 
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- Tig. 55.—^Horo iiie pibm it tamed, bo that a' h* Is at 4^* to 
the veitioBl plane, and it will be seen tiint by drawing perpen* 
dioniam from the angles of the plan, and intoaeoting these by 
horisanteJs drawn from the oorresponding points in the eleva¬ 
tion, the projection of the piano will be obtained. It must bo 
remembe^ that the pentagon being “ regular,’' * a line 
joining C and D will be parallol to A B, and will remain so, 
however ntneh the plane may bo raised. Thns, this line d d' 
is repreeanted in the elevation by the point f—the lino itself 
being luyniontal and at right angles to the vertical plane 
(see Fig. 2, page 8). liTow whon tho object is tamed round 
this horizontal line beoomes visible, and the perpendionlars 
ftom o' d' intersooting it, give the points c" and d", and it 
. will then bo seen, that as the lino joining those points was 
horizontal and parallel to A b in tlio previous figure, it will 
remain so in tho projection; and thia will oxjilain tho canso 
i of two points in the plan coming <'n one lino in tho projeo- 
I tion—a case which will froqnciitly occur in the projection of 
' polygons. 

Fii^. 57 to 60 show tho samo process ndayito.! to a regular 
hexagon whon resting on one of its angles, winch it is ovpccted 
the student will bo able to work out witliout Inrther in- 
straotions. 


ANIMAL COMMERCIAL PRODUCTS.—III. ' 

DiaiTIGKAP.E (cmiiiiXllfd). 

Tho Skimk^ (MeiMtis Aw'Ci-ii’a-.Lii) is common in North 
America, especially in tho IStatus <'f roanaylvaiiia and New 
Jersey. It is woU known fur its jiower of cjncting, when 
hnnt^, from a small' bag pluccii iit iho j-oot of the tail, a very 
offensive fluid, which produces one < f tho most poworfiil and 
intolerable stenches in nature. This animal is aUied to the 
polecat of Europe.' Its fur is* soft aud black, witU two white 
I stripes running from hood to tail. Tho fur is purified by 
’ exposure to heat. Tho Hud-soji’s Bay Company send to Eiiroim 
annually about 10,000 skins, which arc mostly esxiortcd to 
other ports of tho world. 

The American Qtter (Lutra Canadensis) is aquatic in its 
habits, and lives prinoipully upon fish, which it pursues in tho 
water. The colour of ilio fur changes with tho seasons; in 
summer it is short and almost black, but on tho approach of 
winter it alters to a beautiful reddish-brown. TIio motions of 
the otter in the water arc very easy and groecBil. Tho short, 
close, fine fur keeps tho body at a proper temperature, and tho 
short logs, webbed foot, and ruddcr-liko tail enable it to move 
swiftly in any dirootion in pursuit of its agilo prey. In 1864, 
21,810 otter-skins, valuotl at i;14,4til, wero imported into iliis 
country by the Hudson’s Bay Company. 

iTJw Sea Otter {Enhydra marina). —The fur of tho sea-otter 
is tiiibk, soft, and woolly, and much prized in Bussia and China, 
where it is the fur of royalty; to those eouutiios most of tiio 
ddna axe exported. Tho animal is found in tlie North Pacific, 
from Kamtsulmtka to the Yellow Sea, on tho Asiatic coast, and 
from Alaska to California, on tlie American const. It is a rare 
animal, and not more than 1,000 skins are annually pruoured. 
In 1864 wo imijorted 641, valued at j 67,891. Tho sea-otter 
haunts sea-washed rucks, lives mostly in the water, and ap- 
proximatoB to tho seal in its habits. Its fur is generally 
employed for collars, cuffs, aud trimmings. It is very beautiful, 

, of a deep velvety maroon brown, tho anterior parts being of a 
silvery grey, A lino skin of tho sen-ottor is worth about jC- 10, 
and a muff of thia skin coats about twcuty-fivo guineas. 

2. PlAITTIGEAOjE. 

This group inoludos tho family of tho Ursido), or boars— 
heavy, stout-bodied animlo, with thick limbs and a very stout 
tails—which inliabit >iltc wooded and monetain ffietricts of tho 
orotie, tomperato, and snb-tempemte regions of the northern 
hemisphens. Tho commonest boar-skin in tho English fur- 
maitirt ia that of tho 

BlaehSear {Urnas Amerieatme), wliioh is imported into this 
f generally from British Norih America, and chiefly for 

1 ndlitaiy aooouttoinonts. It is made into caps, mgs, pistol 
< htflhtent, etc, *In 1864 wo imported 13.311 black bear skins, 

wflued iai 4ai,047. 

* A rigidar peutagoa is one which has all its slcies and aisles equal. 


1^0 skins of the £olar bear (Thalauaretos maritimus), the 
brown bear (llrrus arctos), and tho mrisly bear (Ursut feroa), are 
also imported by us in small quantities. 

Tho Kaceom (Proeyon Lotor) is indigenous to North America/ 
and usually frequents tho sea-shore and the margins of riversl 
and swamps, whore it lives upon small animok, birds, insoots, 
aud mollusca, with the addition of roots and snconl^t vego-^ 
tables. 

In 1864, 639,657 skins of the raoooon, valued at /674,538, 
were imported iuto the United Kingdom. Two-thirds of tiiis 
number wore re-exported, principally to Germany, where th^, 
are used for making hats. Tho hair of tho upper pact and sides; 
of the body is of uniform length and colour, and is employed 
for iho linings of coats, for rugs, etc. 

The Badger (Meles imhjaris, Beamarost) is found throughout ^ 
the northern parts of Europe, Asia, and America. Its habits! 
arc nocturnal, inoffensive, ouid slothful. Its feet aro planti¬ 
grade, and its long claws enable it to dig with effect, and 
burrow in the woods. It foods on roots, earth-nuts, fruits, 
insects, frogs, and tho oggs of birds. Its muscular strength 
is great, and its bite proverbially powerful. Tho American 
badger (M. Lcibrailorieus) is larger than the European species. 
About 5,000 skins aro annually sent over to this country by tbo 
Hudson’s Bay Company. Tho long hairs are employed fo^ 
making shaving brushes and painters’ pencils. In Europe,• 
badgers oj-o hunted with dogs; in America, they ate caught in 
early spring, whilst the ground is frozen, by pouring water into 
their boles. 

The Glutton, or Troffjt’i-jjic (Gnln luscns), inhabits tho 
northern ]iarts of the Ameiii'an co'itiuont. Wolverines feed- 
chiefly upon the carcases of beasts which have been killed by' 
accident. 'Ihey arc veiy troublosouio to tho Hudson’s Bay 
trappers, for they will follow tho marten hunters’ path round a 
lino of traps extending from forty to sirty miles, and render the 
whole nnserviuealile, by removing tbo baits, which are generally ^ 
tho heads of partridgo-H or bits of dried venison. They resemble 
the boar in llicir gait, and feed well; they arc generally, whon 
uaugbt, found to be very fat. ’I'ho fur is a lino deep chestnut 
colour, with a dark disc on tho back. About 1,000 sUins arc 
annually renoivod in this country. 'ITio fur of tho wolverine is 
much estoemed in Ourmatiy and Kussia, and used for cloak 
linings, muffs, and slciglt robes, y ,, 

3. PINNIQKAD®. 

Tliis group includes tbe family Plutcidm (Latin phoca, a seal), 
and comprises tho seals, sca-bear-s, and w'lilrnsea, which aro 
found oliicfly in tiro aretic and antarctic sens, and are of grwit 
value aUko for their oil, bones, and skins. 'I'ho chief hunting- 
grounds are the fields of pack ica in the Greenland boas, and 
around tho shores of Spitzbergon. 

The Saddlehaeh or Harp Seal (CalocepJtnlus Qromlandicns). 
—This spoeios, which is tho most important of the Phocido! in 
commeroo, is at eJl times gregarious, but never seen to usscmblu 
in such numbers as during tho months of March and April, 
when it takes to the ieo to bring forth its young. During 
thoao mouths a pack of ioc throe miles in diamotor has been 
calculated to liavo no fewer tluon four millions of seals upon 
it. Its length does not oxoood eight foot. The name saddle- 
hack ia given to it from an aggregation of blaok weU-definftd 
spots scattered over a yellowish-white ground in tho form of 4 
saddle or harp. 

For tho capture of this seal, ospeoially during tho breeding 
season, many ships aro annually sent out, and the number taken 
yearly amounts to hundreds of thousands. Tho success of the 
sealers varies; for a ship ono year may obtain os many as 
20,000 seals, and next year not capture a hundred. Tho chief 
■ «irt of sealing lies in finding out whero tho main body of 
tools is located; a sort of instinct dijrects those animals in 
flocks of hnudreds to a common centre/whore they remain in 
one great group till 'the young aro capable of taking to tho 
water, 

Jhis speoios is highly lirized. Prom its blubber tho Green¬ 
lander and Es^iuimaux procure light and heat; they cover their 
boats and bodies with its skis, make thongs with its ontnuls, a 
derg.ot float with its stomaoh, and ingeniously fashion the te^ 
into tips for their ‘arrows sad harpoons. 

(Ke BlaMer-pose, {Stmmatopus anstatus) inhabits, as 
the loati'tlie dreenlaad seas, and is found in small gronps of 
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three or four. On aoeonnt of ti>o beauty of ite lor, aad the 
immense amount of its blubber, it is much aouj^t after. It 
differs from the other speoies in haring a thiole black—in the 
\ young, dehoate brown — woolly coat, whioh Mob beneath its out¬ 
side bristly hair. 

The QoTnmon Seal (Phoca vitulvna, L.) is found on the coasts 
of Soofiand, Franco, and other parts ot Europe. The usual 
t haunt of this speoieB is a hollow or oarcm in a rook near the 
sea, and above high-water mark. They oro extremely watoliful, 
seldom sleep more than a minute, raiso their heads, and, if 
nothing is to be seen or heard, lie down again; but it disturbed, 
they instantly tumble off the rooks into the sea. They are 
uscally shot when asleep, li surprised by tbe hunter at a 
distance from the shoro, they hasten to the water, flinging 
■ stones and dirt behujd as they scramble along, and expressing 
their fears by piteous moans. When overtaken, Uioy make u 
, vigorous dofonoo with their feet and tootli until killed. 

Wo imported from Groonlund, British North America, and 
the United States, as well as from Norway, Bussia, and other 
parts of Europe, in 1867, 743,511 undressed seal-skins, valued 
at i5174,998. 

The skin of the seal, when tanned, is em)doyod in the making 
of shoos ; and when dressed by tho furrier, serves for the 
covering of trunks, and for articles of olotliiug, such as caps 
and hots, mantles and muffs, coats and boots. 

nODEKTIA. 

Tlio RodcnHn (Latin, redo, I gnaw), or gnawing niamm.i.iia, 
arc, for tbe most p’irt, of small size, Art numerous and ])roliflc. 
They are distributed all over tho world, oven in Australia, which 
possossos some few indigenous ripecioa. They have two pairs 
of curved cutting or inolsor teeth, which projoet from tho front 
of each jaw, and from two to six luoUirs t>n each side, but they 
arc devoid of canine teeth. The rodents of tho greatest value 
in the fur market are • - 

The fleaver (Ciislor fiber, I,.).— This anim.il is found in Canada, 
where it frequents tho banks of rivers and marsbos, making 
largo dams witli the stcnis of trees plastered with mud to keep 
out tho w.ater, and building rnde dwellings in tho water, with 
uonsiderablo engineering skill and ingonuit}'. llio fur of tho 
beaver consists of two kinds of hair, one lung and rigid, form¬ 
ing ihcKuntor coat, tho otlior soft and downy; it is tlio latter 
which is employed for coat linings, muffs, and other articles of 
dress. About 80,000 bottvcr-skini} arc anTiaally sent over to 
this country from North America by tbo Hudson’s Bay Com¬ 
pany. 

The Mvsk l{x!(,or Musquash (Fiber zibcOticjis ).—This animal 
is a native of Canada. It is much smaller than tho beaver, 
whioh it resembles in its fur and laibits, and with whioh it 
associates. Above a million aro anmially taken by tho Canadian 
trappers, and their skins sent over to the fur markets of this 
country; dressed in tho same way as beaver-skin, they form a 
chcap-and dnrablo fur for ladies’ wear. 

Tho NjttWa, or Caypu Rat (Myopotamus' Ooyims), inhabits 
South America, living near strenins, and burrowing in their 
, banks. It is smaller than tho beaver, aixl also differs in tho 
; possession of a round, hairy tail. Its skin forms a good substi- 
'tnto for that of the beaver, and is dressed in a similo.r manner. 

some years one million nutria-skins have been imjiortedfrom 
South America into tho United Kingdom., 

The Squirrel (Sciunis vulgaris, I,.).—Tdght.'nimble, and grace¬ 
ful'(tn'ihlals,''living on tlio brandies of trees, feeding on nuts 
and other hard fruits, whioh they gnaw through with their 
., sharp front teeth, carefully removing every particle of skin 
' from the kernel before eating it. ^uiireh aro distributed 
ilmmgh all parts of the world except Australia, but aro oape- 
oially abundwt in North America. 'Their skins are used entirely 
f for ladies' and ohUdren’a wear, and are sent in enormous num- 
( bers to our fur markets under the name of calabar. , About 
2,000,000 are annually imported. Hie fur is sometimes dyed 
to imitate sable. Tho tail is used in«fhe mannfooture of boos 
and artists’ pencils. Besides the oommon squirrel, Seiurus 
. cmereus (the grey squirrel), S.niger (tho block), 8, CaroUniensis 
! and 8. Sudsonias (too Amerisan red sqairrol), yield useful and 
' ornamental furs. 

Tl^ OhinehiUa (Ohmehilla lanigera).~—Aa elegant, active 
litQs anuhiilj'tBliabiting the Andes of South Amerioa, in CfiSi 
tod Pom, and Mving at a oonslderablo altitude. The posterior 


legs are longer thou too anterior, and the animal when feuding 
sits upon its haunches, holding its food between its short fore- 
paws. Tho oars are very large and brood. The fur, which ia 
ve^ thick, soft, and of a greyish colour, reaohos ns through 
toe South American markets. Chinchilla fur is greatly odmiiedi 
for winter clothing, and is made into muffs, mantles, boas, oloak! 
linings, trimmings, and other artioles for ladies’ and children's 
wear. 

The Hare (iejnw iimidus) and Rahlit (Lepas cariicultw).— 
Tho skin of too rabbit, when dressed and dyed, is mode into ■ 
all sorts t>{ ehe.ap and warm winter clothing; that .of tho haio' 
is frequently worn over toe chest aa a protection against 4 
external oold. We have large sapplies of rabbit-skins sent to 
our markets from tlio rabbit warrens of Norfolk, the Orkney 
and Shetland Islands, and Ostend. Upwards of 1,000,000 
rabbits aro sold yearly in London, and more than a quarter of 
a million of linro-skins are annually imijorted into this country 
from Eu8.sia, Germany, Denmark, Friesland, Poland, Wallachia, 
Turkey, Greece, and Sicily. Tho best nnd tho greatest number 
come from Bussia. 

RTJMTNANTIA. 

The animals of this order arc tlistinguifdied from the other i 
mammalia by tho remarkable fiieilitios which they possess for i 
ramin.athig, or chewing tlieir food twice over. In toe majority i 
too lower jaw alone is furnished with incisor teeth, their place 
in tho upper jaw bring occupied by ton hardened gnm. The ' 
m j'ars oro separated from the ineisors by a considerable gap in 
tho jaw. Examples: sheep and deer. 

The Ameriran Huffalo, or Bison (Bison Americanus, L.).— 
Vast herds of buflaJoes roam over the wostem prairies of North 
America, and hundreds of thousands of them are annually 
killed. Buffalo robes aro much esteemed in America as sleigh * 
coverings; about 70.000 are annually mode up and sold in Now 
“york. During the Crimean war our soldiers found theso robes 
of prrnt servieo; about 20,000 buffalo robes wore furnished by 
tlio Jiiigiihli Government amongst other army supplies.^ 


CHEMISTRY APPLIED TO THE AETS.--IL 

BY GEOBQi: GLADSTOME, F.C.S. 

DYEIHO. 

The art of dyeing was discovered at n very early period of 
human history, and is practised by nearly all races of men ( 
noverthelosa, it lias greatly iirofitod by tho advance of science, 
nnd even within too present generation it has been the subject 
of very great improvements. Many of toe colours now 
regarded with most favour were altogether unknown to our - 
fathers, while others have been rendered more permanent, and 
most have been cheapened in cost. 

Tho materials used in dyeing are derived from very various, 
sources, and their number is legion. There is, indeed, sooicely 
any limit to the variety that might bo employed, and in aa 
article like the present wo can only pretend to name a few of 
tlioso which are most commonly used by dyers. They form 
tivo distinct clnsses, which must be constantly homo in mind, 
in order to arrive at a clear comprehension of tho dyeing 
process(1) Tho oolouring matters; (2) Tlio mordants and | 
alto-'ants 

1. Tho great majority of too colouring matters in use uw 
derived from too vegetable kingdom, though some of too others 
are of toe very groatost importance. Of these it may suffice to ■ 
name alkanet root, aloes, annatto, orohella and other liohens, , 
barberry root, barwood, Brazil wood, camwood, bogwood, fun¬ 
ders’ wood, yellow berries, indigo, madder root,^ qnereitron, 
safflower, turmeric, wood, and weld. Tho animal kuigdoin sup¬ 
plies the cochineal and kermes, which, as well as Ism, M exu¬ 
dation produced by an insect, furnish very beautiful varieties 
of rod. The metals arsenic, ohromium, copper, iron, etc. in 
the form of salts, all produce valuable colours, though too 
compounds of arsenio are very deleterious hti^ to toe dyer and 
to the wearer of clothes so dyed, and should certainly bo dis- 
conraged. There ore also some artificial prodnots which have 
been saqoossfally prepared by modem ehemists, and whioh bid 
fair to revolutionise too art of dyeing; thus, what are called too , 
aniline compounds have furnished some of the most favourite 
dyes of the last few years; and aMza rine , a still more rooBut 
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prodaotion, will probably Boon dispense to a great extent with 
the nse of madd» roots, l^e bnl^ess of wMch considerably 
enhonoos the cost of bringing them from abroad. ■ 

2. The most ^portant mordants and alterants are the 
alnms, the salts of iron and tin, and a variety , of vegetable 
«substances which contain tannin. Of these last the principal 
are catechu, tnstib, sumach, gaU*nuhs, dividivi, valonia, myra- 
bolams, etc. Some of them exercise a double function, and 
might be included amongst the list of colouring' matters, but 
their chief value brings them more appropriatdy under the 
second category. 

The (^[tcration of the first class needs little explanation, but 
that of the latter lies at the very root of the art. It will 
readily be understood that a higUy coloured liquid may be 
obtained by boiling down or steeping certain substances in 
water, and that if a piece of oalioo be immersed in the solution, 
it will take np a certain amount of the colour; but it follows 
almost as a necessary conseqnenoo that a dye so produced can 
be washed out again with almost equal roadiuess. If this 
Wffifo all, dyeing would bo of no value. The importance of 
mordants consists in their so fixing tho colours that they 
shall not wash out or otherwise lose their depth or brilliance ; 
and that of alterants in thoir bringing out or changing^ tho 
tint produced by tho dye stuff. By means of the latter a 
much greater variety of shades is obtained, and even aoino 
colours which con sooroely be derived at all from a mere com* 
bination of dyos. 

Some very interesting chomioal reactions take place in tho 
nse of tho dyes mentioned under tho first head, which must be 
noted, as they are highly instructive. By far tho most important 
- in tho list of vogetablo substacces is indigo. It is commonly 
' known in this country as a lump of purplish stuff, having a 
' bloom upon it liko a ripe plum. In tho dyo vat, however, it 
presents a very d^eient appearance. Indigo, in the state in 
which it is imported, is actually insoluble in water, and most 
other solvents will not oven touch it; but by expelling the 
oxjrgea vritich it has absorbed in the course of preparation, it 
xetoms to its original condition of white indigo, which is soluble 
iin an alkaline liquid. The blue indigo of oommcrco is therefore 
..ground up with water till it forms a thin paste, then put into a 
vat of water and stirred up with sulphate of iron (copperas) 
iand lime, in the proportion of 1 lb. of indigo to 2 lb. of sulphate 
of iron and 81b. of lime; tho rosnlt is that the sulphuric acid 
.leaves the iron and combines with an equal quantity of the 
/lime, the oxygen of the blue indigo takes tho place of tho 
snlplmrio odd which has left the iron, forming on oxide of iron, 
and the excess of lime which remains in the water renders the 
indigo soluble. The indigo having parted with its oxygen is 
no longer blue, but has returned to its original colonrloss con- 
.jdition. When the sulphate of lime and oxide of iron which 
^ve been produced in the vat have thoroughly settled to tho 
^iiottom, the cotton fabric or yam which has to bo dyed is 
.■'dipped in'to the liquor, and the fibres become filled with tho 
'Solution. Tho goods aro then taken out of the vat, hung up, 
and exposed to tho action of tho air, when the oxygen out of 
,&o atmosphere again enters into oombinatiou 'with the white 
;iiad}go in the fibre of tho cloth, and restores its blue colour. 
^This blue indigo being, as already mentioned, altogether insolu- 
:Ue in water, we have hero a permanent colour which cannot 
be washed out. Wool may bo dyed by precisely the same 
’process, neept that the liquor in the vat most be mointoinod 
at a high temperatnre, whereas cotton is dyed cold. Other 
modes ^ nshig indigo ore employed by some dyers, or for 
spocisl purposes, in which madder is a principal ingredient, but 
in every ease thoipesalt is due to the chemical action above 
describe. 

Indigo naturally leads to the consideration of 'what are 
commonly kno'wn as the aniline dyes, so named from thoir 
chemioal relation to this snbstuioe, anil being the name given 
I 9 the Spaniards to indigo. The terms mauve, magenta, eto., 
me* now familiar os honsejudd words, though it is scarcely 
Aftm years sino^ithe ooilours reprossntsd by them were quite 
to publie. Aniline itself, which was originally made 
Ham ind^, had been produced from ooal*tar by two or three 
dUMNDt prooeeiee; nn^ the date' above referred to, Jiowever, 
•the at^plapori had not attracted ax^ very special atten'tion, mid 
Ha. JtM^tmds were not known to proddoS tike oolonranow so 
fi M wlB ai * . This discovery was due to lb. and the 


ctomond whiah mddenly. sprui^ np for the dye soon led to 
the manufacture of aidline from coal-tor, on a sosle never 
befoN attempted, and, by subsequent improvements in the 
prooass, at a much more moderate price them heretofore. The 
mode of application of these dyes wUl Imvo to be oontidered 
later on. 

Madder is perhaps next in importanoe to indigo, and possesses 
some special features of interest, though the prooesses involved 
in its use ore by no means so simple as those above described. ^ 
This dye has hitherto been obtained from the roots of the rubia 
iindorwm, a plant which is largely cultivated in the south qf 
Europe and in Asia Minor. Its value consists in its containing 
a Bubstanoo colled garanoino or alizarine. This article will 
furnish, in combination with various other ingrodieuts, a variety 
of tints, from yellow to orange, and up to a deep red. Unlike 
indigo, it requires tho presence of a mordant in order 'to secure 
a satisfactory result. Tho one generally used in dyeing 'with 
madder is alum. The cloth to be dy;^ is first steeped in a 
solution of alum, and being thoroughly impregnated -with 'this 
article, it is ready for tho reception of the dye which may bo 
intended. Let us suppose that an intense red is required; a 
solutbn of alizarine with one of the alkalis (such as ammonia 
or soda) would be used, and into this the clnth, already 
permeated with the alum, would be introduced. The mordant' 
would take up tho ahzarme until it was thoroughly saturated 
with it, the cloth thus acquiring the desired colour; but wore 
tiio process to bo continued beyond this point, the excess of 
elizarine in tho liquor would be liable to further decomposition, 
producing a new cnnipodud, called rubiaoin, whiob would have 
tho effect of rendering the colour more dull; it is therefore 
important so to regulate the relative proportions that this after 
effect may not iako place. The madder roo-ts thoraselvoa 
contain but a small por-ceutage of tho colouring matter, tho 
inevitable result of which is 'that tho dye is costly. So 
important an article is it, however, that, notwithstanding tho 
price, it is very largely used botii in this country and on the 
Continent. Chemists have, in consequence, been led to study 
tho compositiou of this dyo, and 'their labours liavo recently 
been reworded by discovering a moans of producing artifici^ 
alizarine which shall fulfil all tho reactions of tho natural 
product. The history of this achioromont is one of 'tho deepest 
interest to tho experimental philosopher, os well as to those ' 
who are likely to profit by it in a commercial point of view. 
It would take up too much space 'to doscribo aU the steps by 
which the result was finally attained; sufiice it to say that' 
from a study of tho chemical formula (consisting of definite pro¬ 
portions of carbon, hydrogen, and oxygon (Ci,H,0,), it was 
believed to bear a certoiu relation to other substaucea whiohl 
are produced artificially. This view was confirmed by con¬ 
verting some of tUo alizarine taken from the madder roots 
into antiiraceno (CuH,q), which is obtained by the distillation 
of coal tar. This having being proved, it only needed a moons 
of reversing the operation, which has since been discovered— 
alizarino, absolutely identical in all its properties with the dye 
obtained from tho madder roots, having been mode from 
anthracene. A second source of supply at an article quite 
indispensable to the dyer is thus provided by ^'the mineral 
kingdom. , 

Chromium, in the form of bichromate of potash, is a metiu 
whic'h is very extensively used, especially in the formation' of 
yellows, orange, and reds. In dyeing cottons the process depends 
upon a chemical reaction, the fabric being first immersed in a 
solution of one of the salts of lead, so as to supply a base 
which possesses a greater for the ohronuum than potash 

does. Thus, if the goods be impregnated 'with nitn^te of lead, 
and subsequently with biohromate of potash, the ohrominm will 
leave the potash and combine witk the lead, forming chromate 
of lead, which prcduces a yellow dye. Again, shonld tut orange 
oolonr ^ required, the process cat be carried a step further; 
the article so dyed yellow would then be boiled in a batit of 
lime-water, daring whiob' operation the lime 'will tAke np a 
portion of tile ohrominm, leaving a subchrpmate of lead behkd, 
which produces a rich orange. Some persons use acetate of. 
lead in preference to the nitmte, but the principle involved in 
either ease is the same. Chrome is also emplo;;ed in ^emg; 
woollen goods with varions oolonrs, In combination with meaf: 
of the vegetable dyes; in these opeiaticms alum is almosti 
always ns^ as a mordant, and 'the eolation into whidi the 
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t aitiolo to be dyed is dipped mnst be maintained p.t tbe boiling* 

: point; 

Tbe use of a mordant has incidentally been mentioned in 
treating of madder and the chromatea of potoah. Its proper 
fnnotion is to fix the dye, ao that it shall not wash out again. 
^ Alnm, as we have seen, has this property; a fabric which has 
. -prerionaly been dipped into a solution of alum being able, not 
only to take up a much larger quantity of some colouring 
* matters than it would otherwise, but also to retain them so 
persistently that the colour boeomoa fast. In some cases tho 
mordant and the dye ore applied separately, while in others tho 
two are mixed, forming a coloured liquor in which the article to 
be dyed is steeped, and so far reducing tho number of operations. 
It appears probable that the action of such a mordant as alum 
is to enter into actual combination with the substance of the 
thread or cloth, and not merely to fill the capill.ary tubes with a 
substance insoluble in water, as in tho case of cotton dyed with 
indigo; hence, in oonsequonoo of tho groator affinity of alum 
for animal substoacos than for other materials, the effect of this 
mordant is much more decided when applied to wool and silk 
than to cotton and flax. 

Various salts of iron exercise, in a pre>cmincnt degree, the 
double function of mordant and alterant. Sulphate of iron, or 
copperas, is, for instance, used as such in dyeing cotton blue 
with ferrocyanido of potassium or tho rod prus.oi.ato of potash, 
while tho nitrate or sesquichlorido of iron, oomhinod with tho 
ferrocyanido or yellow prnssiate of pota.sh. will produce the 
same result; tho chemical action in either case is tho same— 
the acid leaves t'lu iron and combines with tho potash, while 
tho cyanogen completes tho exchange by uniting with tho iron, 
thus forming a compound cyanide of iron, commonly known as 
Prussian blue. Here wo have an illustration of tho effect of an 
alterant, tho resulting colour having no relation to that of tho 
ingredients which ore brought into combination, but being due 
to chemical action only. 

Of all tho metals, however, tin is the most important as 
a mordant, the various oxides oftin having a very powerful 
affinity both for vegetablo colouring matters and for tho 
materials which are to bo dyed. Tho effect of these salts (or 
spirits, as tlioy are called by the dyers) is to produce very 
permanent colours. Tho salts gonomlly used in. the dye-house 
' arc tho chlorides; tho oxides being insoluble except in tho 
presence of iiu acid, or in combination with on alkali, such as 
soda, in which case the tin itself acts tho part of an acid, 
forming stannatc of soda. 

A great variety of vegetable substances, all containing tannin 
in more or loss quantity, are used in dyeing, which act both as 
mordants and alterants. The tannic and gallic acids which they 
famish exorcise a very powerful chemical action upon some 
of the other materials employed, especially the metallic salts. 
With sulphate of iron, for instance, those acids produce a deep 
black, of which tho common writing-ink furnishes a familiar 
example. 

To give a description in detail of all tho vorions prooesses for 
dyeing different kinds of goods, and of tho several combinations 
which are best adapted to produce tho almost endless varieties 
of tint, would fill a goodly volume. In tho next article some of 
* the most important general directions will be given, and one or 
two of tho principal colours will bo treated at length, ns an 
iHnstration of the nature of the dyer’s art. 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.—II. 

By Brel. ‘Wiuobtsoii, Boyal Agricultural College, Cirencester. 

WATEB-LOaOXS SOIL—ADVANTAOBB OX LAUD SBAINAOE. 

Thx beneficial action of land drainage may at first sight appear 
somewhat paradoxical. That tho partial removal of water, the 
«4nt of wMoh is often so keenly fdt, which may be beneficially 
potred over growing crops in quantities far exceeding the 
natural and whhffi not anfreqnently oomposes ninety 

per cent, of the actual weight of fresh vegetables—^ihat tbe 
removal of this most ^sential constituent of plante from the 
soil should be attend^ with good eftsoto certainly appears 
puzzling, and demands our careful attention. It will, then, be 
our first object to esplaia wl^ the drainage of land is benefli^; 


snd, secondly, we shall point out the nature of those praotioal 
good effects which have rendered the art popular. 

Let Us consider the oondiiion of a soil snrohaiged with 
moistnre, and oompare it with one in wldoh, from natural or 
artificial means, the snperfiuona water finds egress. 

The fact that the land is wet is sufficient proof that some 
obstacle exists preventing tho escape of water. Tho subsoil 
may be sufficiently impervious to prevent the downward passage 
of water to lower strata, or there may be a source of water in 
tho form of springs too plentiful to allow of its snfficienily 
rapid removal by natural disinage. From either or both of 
those reasons the land is “water-logged,” by which we mean 
that all the interstices of the soil '^at worild otherwise be 
filled with air are occupied by water. This water is in a 
stationary condition. If it is not, it will move in tbe line of 
least resistance, and tho soil will be more or less perfectly 
drained. Having, however, assumed that the'^soil''is wet, we 
must conclnde that its condition is the effect oT the water 
not being able to escape. 

(1.) What, then, are the consequences of this stagnant 
condition P In the first place, air is excluded. Now the 
effect of air upon tbe soil is most beneficial, and without it 
it is impossible for any plant to develop. The first conse¬ 
quence of an insufficient supply of oxygon is the formation 
in the soil of organic and inorganic substances of a decidedly 
deleterious character. Vegetable matters remain in a state of 
partial or imperfect decomposition. Such a condition is un¬ 
favourable to plant life; and its evils are the more apparent 
I when we remember that with a sufficient supply of oxygen such 
compounds would not only bo removed from an actively 
hurtful state, but would become a source of carbonic acid 
and ammonia (tho products of perfect combustion), and thns 
directly nourish growing crops. Lower oxides and sulphidoa of 
iron arc also the result of decaying vegetablo matter in the soil, 
which, in its condition of arrostM decay, removes the oxygen 
previously associated with iron, thereby reducing the peroxide 
I to the condition of protoxide. The removal of snperfiuons 
water at once admits air, and with it oxygon, and by tliia 
means tho soil is brought into a “sweeter" and more whole¬ 
some condition. 

(2.) Water, when it exists in a stationary or stagnant con¬ 
dition in a soil, foils to exert those beneficial infinenocs that 
constitute its peculiar value. Bain-wator contains traces of 
carbonic acid, as well as of other valuable substances. This 
carbonic acid exerts a solvent action npon the mineral matter 
in the soil, gradually changing it from on insolnblo and un¬ 
available condition into ouo in which it con be assimilated by 
the roots of plants. It is only, therefore, in drained or 
naturally dry soils that the valuable qualities of rain can be 
thoroughly realised. 

(3.) Not only is rain comparatively valneless to wet soils, bnt 
there is a danger of its becoming actively injurious. Not being 
able to sink into the already occupied soil, it washes the sur¬ 
face, and, as it trickles into tho water-furrows and ditches, 
carries with it the finest particles of earth, as well as nmnnrial 
substances that liave been applied as fertUisers. This is, how¬ 
ever, not the worst evil consequent upon defective drainage. 
The top layer of soil becomes surcharged with moisture, and 
this can only be got rid of by evaporation. The larger tto 
surface, and tho more completely it is exxmsed to tho air, th» 
greater will be tho evaporation. In the case of drained toOb, 
the water is qniokly removed from the effect of drying winds, 
and ovaporatiop is proportionally checked. In wet soils, on tho 
contrary, the conversion of water into vapour is tho cause of a 
greatly diminished temperature. 

It has been calculated that the heat given off from tho 
combustion of lib. of charcoal is required to evaporate 12^lb. 
of water, and when we remember that tho rainfall upon an acre 
of land is equal to something like 6,000,000 lb., it will bo 
readily seen that, where a large proportion of this is to be 
evaporated, mnch of the sun’s heat, which wonld otherwise bo 
warming the ground, will be taken up. 

(4.) Another reason tor the wonderful' improvement of land 
by drainage is the altenril texture of the'soil So long os land 
is constantly wet, its condition, although unfavourable to plant 
life, is in some respeote oonstent. It is not snbjeetod to &c 
mo^ying influences of oontraotieu aud expansion to so great 
an extent as drained soils. A drained field is alternately, and 
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irHUa* Tei 7 (hint peiia^ and tret; it is also acted upon 
bj the Btninq^heie, aod that weathering action whiph, in the 
ioDf eonise ef has Mken. down and pnlreriM rocks, 
and BO formed aoi)s, is 'promoted, so that torto pnlTerisation 
and a finn meohanlaal conditiem of the soil is the resolt. nie 
alternate oontxaction and expansion also oanses the formation 
of a deeper la^'ee et asirilable soil, and renders lighter the work 
of caltieation, JU water rises from the deeper layers 'of the 
Boil.to the suctaoe, it brings with it the saline sabstwoes it has 
taken tv- in ablation. Those ore oairied by capillary action 
to the aprface, where, as the water is evaporated, they arc loft 
in form of an incrustation, which to a great extent pro- 
Tsnia Ihe csttMice of air into the soil. This phenomenon is 
frevaendy noticed in the case of flowra-pots watered by moans 
of a. aatieer. In this ease the water, as it evaporates from the 
nppetenrfafle of the soil, leaves a white offloroseenoo which, from 
the oense already referred to, is prejudicial to the plant, and 
requires to he fo^nontly broken up in order to admit air. The 
dame phenomenon has been observad in the case of ogriooltaral 
soils. 

Having traced tho canaes of the beneficial action of land drain¬ 
age, let ns now ghmoe at those many practical advantages which 
appeal to the common sense of tho landowner, the farmer, and the 
publio. That drained loud grows a bettor crop than undioined 
land is essily aooounted for when wo romemher tho improved 
chemiesl and mebbonioal state of tho soil. As every reason wc 
have given pointa in the direetion of an improved oondition of 
soil, it need not surpriao ns that one quarter (eight bushels) of 
wheat hsa often been estimated os the averago increase tiiat 
may be expected after drainage. Instonocs ore not wanting 
wh^ land has been brought from a worthless into a valuable 
oon^on simply by draining it, but tlio above given measure of 
the benefit is appUoablo to soils which, although requiring 
drainage, were provionsly useful agricoltuiol soils. 

An earlier harvest is a palikible advantage from drainage, 
and can be explained by tho general improvement of tho land, 
and tho higher temperature of tho soil consequent upon 
diminished evaporation. Mr. Parkes, tho eminent dniinago 
ottgineor, found, from tho mcim of .thirty-five obsorvationB, 
that a drained peaty soil at seven inches in depth was 10*’ 
Tkhrenheit warmer than a similax nndrainod aoil at tho same 
depth. This, it will be seen on inspection of any tablo of 
tempetatuTes throngbout the year, is equivalent to tho differ- 
enee between the climates of February and May. The result of 
this improvement is harvest a fortnight earlier, and on im¬ 
proved quality as well os quantity of produce. The same 
causes operate in inereosixig the number of spocios of plants 
whioh tho farmer can cultivate. Thus Wo find the hare fallow 
disappearing, and root and forogo crops occupying tlio ground, 
fifiwep stock also can be maintained, whereas previously they 
oottid not have been profitably kept. Every tillage operation 
is easier and more effectively periormod, and, owing to the 
water being quekly carried away, tho actual number of work- 
ing.days ic inercas^. Thus oithor a smaller number of horses 
,M xoquired, or those that are kept will be more equally 
wwilndnxui less expensively fed. 

.^tMnaes an nmidi moie effective upon drained soils; hence 
tlite cqmaition is now looked npon as the foundation of good 
hnriitodiy, ud the best fanners oonsider that it should pre- 
ce^ ersiy otitor improvement. 

Grass land derives great benefit from drainage. It sooner 
asBuniM a beaatifol green ooloor in the spring; it is firmer 
under ti» foot; rushes, sedges, and other water-loving and 
inferior herbage disappear, and are replaced by nntritions 
grasses. 

The health of the live stock is nnqaoationably improved, and 
land drainage is followed by tho disappeotance of “blai'k- 
qBgirtet,'’ or in^nunatoiy fever, whioh in unfavourable sitna- 
.dfqw is a oanse of annual losi. Tho health of tho human 
’jqptikrtion.is also improved. 

Bstens iMving this most intwesting part of tho subject, wo 
would reeidl ibe attention cl onr renders to the fact that 
, diaS&Al^ owes its efiloacy to tibe i^ration in the oondition of 
ilie in ibe soil rather than to its withdrawal. If we 
Hauitrs w^, ’% is only booause it' hw accomplished its work, 
aad'- wa Imntitafo its exit to note room iot s hew supply. 
Tkw ’tbs dainar*a <qrt couusts, ea baa been wall muwked, 
mt ccdjr in>^geiitNt the water out of ifa» {and, but alee in 


getting water info the land, and thoroughly using its volnahle 
properties. 

'We propose, upon a fntnre oooasion, after oonsideiing'the 
cost of drainage, to seleet a few inatanoes showing the extent 
to which land has been improved by the operation; but at 
present we must pass on to another important point in tho 
theory of drainage—namely, the action of dioina in removing 
water from the land. 

THI WATSB SCONOUT Or 60ILB. 

Soils are wot from three oanses:—(1) The diroot fall of rain; 
(2) springs; and (3) moisture which finds its way from higher 
poTons strata on to lower ground in a difihrsed condition. 

How far these throe sources of wetness ate tho cause of 
injury in any given case depends npon the structure of the soil 
and suhsoil. Clay soils, with retentive subaoils, are liable to 
bo Wet from the first cause, and they may receive an additional 
supply from the percolation of water from higher grounds. In 
soils of a light character resting upon a tenaciona day (a com¬ 
bination not nnfroqnently mot with), tho natural rainfall may 
also bo tho direct canso of wetness. Springs are met with 
when a porous soil is underlaid by a day bed. The rain sinks 
at onoo through tlio upper stratiun until it is arrested by tho 
impervious bod Ismoath. There it aocnmulatca and rises until 
it either wots the surfaeo or, following tho lino of least resist¬ 
ance, bursts out at a lower level in tho form of a spring. 
Springs are very commonly seen upon tho sides of hills. 



The oooompanying diagram (Fig. 1) shows the conditions under 
which springs often occur, a represents a porous stratum; B 
represents a day bed which obslniela tho downward passage 
of water ; c D represents tho level to whioh water will require 
to rise before it overflows in tho form of a spring at d. In dry 
weather, when tho “ reservoir’’ or “ wator-tablo” sinks bolow 
tho line c n, tho spring will bd diy; but on tlio return of wot 
weather it will a.gain become active. These facta oxort on 
important iufluonco upon tho practice of drainage. 

Tho drainage of porous soils is nxcoodingly simple. All they 
require is an outfall for thoir superabundant water. They are 
wot simply bocauso tho water they receive direct from the 
clouds, or from higher levels, cannot escape; and when egress 
is given to this suporfinons moisture, they at once toko ihdr 
place among naturally dry or drained soils. With day soils 
tho ease is somewhat different. Not only must on ontiall he 
given, but the whole bulk of tho soil between the drains must 
bo thoroughly aerated before tlicir drainage is complete. Snch 
soils bold tho water whioh incommodes them with a tight 
grasp, and a much more close and complete system of nn&r- 
ground channds, supplemented by steam or other deep cultiva¬ 
tion, is necessary before tho same effect is produced as in- 
tho case of lighter soila. Thus, in light, porous soils the 
distonoo between the drains is sometimes as great as sixfy 
yards, while in clay soils they are often placed only six yaida 
apart. 

In order to understand tho action of drains, it is neoessory to 
boor in mind that in sll wet soils there exists, at a greaW or 
less distance from tho sorfaoo, a something whioh prevents the 
eaoapo of water; that the effect of oontinned tain, or an ae- 
cession of water from other oanses, tends to aoenmnlate water 
upon this obstmotion, therebyfom^g a “water-table’’ or level 
of supeiaataration; and lastly, that above this snporehatged 
level the soil is wet by capiUory attraction, which lifts the 
water to a greater or less height aoootding to its texture mcl 
condition. Before Imui oan be thoroughly drained it.is 
essential, not only to lower the' “ wate^table,’’ bnt to so lower 
it that capillarity shall not so saturate tho superimposed stratom 
as to render it injurious to growing vegetables. 

In our next p^wr we. hope to st^ further elucidate this 
portion of our eubjeot, and to point oiri the importast aotion of 
capillacy attEtotioa in the foato eoonomy of ecila. 
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BUILDING CONSTRUCTION.—III. 

‘ PODNDAHONS TINDEB WATBE. 

Ik our pAnriouB leaaons on this subject wo bATe insisted on the 
neoearity that cziata for procuring a good foundation for build- 
inn of bU kinds, and have explained the motbods of offooting 
this by iite employment of conerete and piles in soft soil of any 
’’desoription. We now pass to tho mode of making foundations 
under water. 

Foundations under water are constmoted in various ways. 
The most ancient, and certainly the moat simple, is that called 
by the French “ pierro perdue ” (or lost stones). This method 
consists in ohootiiig rough stones, etc., into tho water, and 
leaving them to settle themselves as they happen to fall. 
When the heap rises to tho surface, it is lovollod, and tlio 
anporstruotare raised upon it. Tills system has been used 
principally for the erection of picr» and breakwaters, but is 
not a^pted for structuroa of a permanent character, as light¬ 
houses, being erected upon it, as the external portions are liable 
to be washed away, and therefore tho mound roquire.s frequent 
repair. Nor do the stones always fail exactly within tho 
prescribed area, hut may roach a greater distance than wn-s 
intended. Tho .system is, tlioreforc, not adapted for riier 
works, where any narrowing of tho water-way for vesseLs is of 
consequence. 

A broakwntcr is a harrier intended for tho protection of 
shipping in harliours iw anchorages, by Ireaking the force of 
tho waters as tho mighty waves roll ix)\\^ds tlio shore. Some¬ 
times a small island i.; situated opposite a bay, and thus forms 
a natural breakwater. This is in some degi'ee tho case with 
the Isle of Wight, which occupies such a i)osition as to protect 
Portsmouth and Sontlmnqiton. 

Tho Plymouth breakwater (Fig. 1), built by John Eeniiio,* 
is tho best known of these constructions. Tho Sound, or 
harbour, being open to the soutli, was so much exposed to 
storms, that early in tho present century it was determined to 
erect a breakwater across it, with ojienings on eitlier side 
between it and tlio shore to allow of i.be passage of vessels. 
Tho works wore commenced in 1812 >iy lran.si>orliiig along a 
iramrood largo blocks of limestone from a neighhoming quarry. 
These were then carried by vessels fitted with trap-doors, mid 
were thus deposited on the roijuired spot. Tlio good effect of 
tho mound*was felt as soon as it began to rise above tho 
surface, but tho groat stonn in November, 1824, throw a largo 
quantify of tho stones over into the Sound, and it was not 
until 1841 that tho works wore finally completed by tho 
deposition of more than 3,000,000 tons of stone, and the ex¬ 
penditure of ^61,300,000. Tho breakwater is nearly a mile 
long. The control portion is 1,000 yards, and two wings, of 
330 yards each, extend from tho ends of Uiis at a slight angle. 
Tho open ohonnols at each end, between the breakwater and 
tho shore, are each about half a mile wide, and their depth is 
roapeotivoly 40 feet and 22 feet at low water. The breakwater 
is 133 yards wide at tho base, and 15 yards at tho top, the two 


* John Benme was horn at PhantasBle, in Bast liOthian, in 17G1. 
His early education was obtained in the parish school of Boat Linton, 
and* he subsegnently learned mathematics at Dunbar. He was for 
some time a wemkmon in ibe employ of Mr. Andrew Melkle, an 
ingenious Scotch mechanic, who in 1787 invented the threshing 
machine. After attending various lectures on Natural Philosophy and 
Chemistry, he was taken into the employ of Messrs. Bonlton and 
Watt, near Birmingham, and soon displayed such mechanical genius 
that Watt, in 1789, entrusted him with the dirootion of the construction 
and fitting up of the Albion Mills, London. His improvements in 
miltwork were so striking that he at once rose into general notice ns 
•a engineer of great promise, and the thorongh efSeienoy of his work- 
man^p greatly contributed to his fame. To this branch of engineering 
he added, in 17$, another—the oonetruction of bridges; and, amongst 
aumeroos others, he built Waterloo and Southwark bridges over tbe 
Thsmes, the latt« built of oast-iron arch girders resting on stone piers. 
He also drew up the plans for Iiondon Bridge, which was not how¬ 
ever, oommmmed until after his death. In addition to numerous 
Wdget, the London Docks, the Bast and West India Docks at 
BbidcwaO, with their goods sheds, the Hull Docks, the Prince’s 
%>akB, Liverpool, sad those of Dublin, were all designed and wholly 
'Or partially exeonted under his.supiBrintMdeDoe, Besides the Plymouth 
breakwater, Bennie planned many improvoraonts in harbours and 
deehyijNls in Portsmouth, Chatham, and Sheerness. Be died in 
Ootdbat, Iffll, and was buried in St. Paul's Cathedral, 


sides being made very sloping for the seourify of fate stones; 
the slopes and top ore faced with masonry. Tbe waiter>spa(» 
or Area forming Plymouth Sound, which is proteotod by this 
breakwater, comprises 1,120 oores. 

There are breakwaters at Holyhead, Portland, and Dovnr, 
bat tho limits of tho present lessoiiB preclnde dcsoriptioBB of 

them. The above description of ibe Plymouth breakwater wffl 
tboroforo soi-vo as on iUostrotion of the system of “pienre 
perdno” or “random” foundation. In some eases bleaks of 
hilmi have boon used with suocoss. 

Foundations under water are sometimes Imd in C(#er-dam*. 
Ibis is done by driving parallel rows of piling around the site 
on which the pier is to be built; these piles are kept in their 
places by horizontal timbers, so ns to form o coffer or strong 
box aroimd tho site. Tho space between tho parallel rows of 
piling is filled with clay, puddle, etc., well rammed down, so as 
to tunder tho wall thus formed water-tight; this is one of the 
principal difficullios in tho system, whilst another presents 
itself in tho proasuro of tho water on tho outside, which is 
resistod by struts placed inside the coffer-dam, extending from 
sido to side. WIk;); the coffer-dam takes tho form of a wall, and 
i.s inlciided to keep out tho ■water during tho building of a 
■wiiarf, quay, etc., the stmts arc placed obliquely, and act as 
buttresses. 

Whon tho stracturo is doomod satisfactory, the water is 
pumped out of tho enclosed space, the bottom of which is then 
excavated and levelled until a solid strotum bo roaohod, or, if 
there be any difficulty in doing this, a bed of concrete or Zidfon 
is laid down. 

If solid ground is not found within available depth, the plan 
adopted i.s U) drivo idles a few feet apart all over the area. 
These are then surroimdod by sheet-piling, to prevent tho soft 
soil ('.sciiping. Stones, concrete, etc., are then rammed in 
lieiwneii tile piles; tho heads of -the piles are cut off at one 
level; sleciKsis are laid across and fastened to them, and on 
these massive planking of great thickness is placed, on whioh 
tho building is erected. 

IJcfore tho application of steam power 'to pumping, this 
systcii; wna very exjicnsive, and another was introdneod into 
tilts country by a Swiss architect, named Lubelyo, and was first 
used in tho erection of old Westminster Bridge, which was com¬ 
menced in 1739 

Tho method adopted by Labelyo (which, however, did not 
prove a good one) was the' using of a caisson, or largo water¬ 
tight chest (tho word “caisson” meaning a largo box or eaisse). 
The bod of tho stream w.sa first' carefully levelled by dredging. 
Strong frames of limhnr woro then constructed, having upright 
shh's like those of a hex. Tho.so wore floated over the place 
where tho piers wei-e to bo built, and the masonry of each 
pier was commenced inside tho caissons. Whon tho fb'st course 
was laid and cramped tugethor, water woo admitted by duioos 
into tho caisson, which then sank. The bottom ■wna not, 
howoTor, found to bo sufficiently level; tho sluices woro there¬ 
fore closed, tho water was pumped otit of tho caisson, and it 
was floated again. Tho ground was then again dredged and 
levelled, and this operation -was performed three times before 
the mass of stone sottlod on a level bed. The pier was then 
built on this foundation, after which the sides of the caisson 
were removed and used for the next pier. Blaokfriars Bridge, 
erected in 17C0, was also built by caissons. In both these 
cases, however, the foundations proved foilures, and both of the 
bridges have been removed, and that at Westminster is replaced 
by tho elegant strnctnro designed by Mr. Page, oomploted ia 
1862; and the new Blockfriors Bridge ■was, it will bo re¬ 
membered, opened by Her Majesty in' person on the 6th of 
November, 1869. 

Hitherto wo have spoken of wooden piles, ana before pro¬ 
ceeding to mention those formed of ii’on, whioh ate .now so 
much used, it is doomed advisable to pvo the student some 
little information oonoeming piles and pQo-driving. The piles, 

then, ore squared beams of timber pointed at tho bottom. The 
timber used for this purpose is oak, beech, flr, and laroh. The 
pfles are bound at the top by strong iron hoops, in order to 
prevent their being split by the force of the blows which drive 
them down; they are also protected at the bottom by iron 
shoes. Whan the piles axe to bo placed singly, the point is 
pyraoudioal, that is, cut to a sgiiare poiut (Fig. 2) i but for sheet¬ 
piling the ends are out flat (Fig. 3), so as to present an edge 
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xatber than a pdnt, aad ihu edge, too, is a little alanting, that 
ia, the triaagoW fiMte ie a littie longer at one side thm the 
oi^r. (Thia haa already been referred to in leaeona in “ Teoh* 
nioal Dimring,” but ia here repeated in <»:der to render the 
inatmotion aa dear aa jMaaible.} The purpose of this is, that 
as the pile ia being driven down, it will have the tendency 
towards the laat pde which has been driven, and so a closer 
wall of piles w^ bo formed. When sheet-piling is constcncted, 
one pile ia placed at each end of the required width, and a 
few others at intervals. Those are called t/uide piles, and to 
theae horiaontal timbers are attached, called wales, which 
guide the rest of the piles, so that they may bo placed in a 
straight line. 

Filea are forced into the ground by pile-drivers or engines. 
The subject of these lessons precludes any lengthened de¬ 
scription of such machines; it will be sufficient to say that 
a pile-driver consists of vertical guide-bars, between which 
a weight called the “monkey” is drawn up, either by a 
. number of men or by steam power, and is suddenly released, 
when its weight descends like a huge hammer on the head of 
the pile, which in this way is driven into the soil. Nasmyth’s 
steam pile-driver consists of 

a guide-bar, with the required Tig. 1 

machinery for hoisting the 
hammer, etc. This hammer 
is an important application 
of Nasmyth’s steam-hammer. 

The “ monkey” is attached 
to the piston-rod, working, 

OB in the steam-hammer, 
downwards from the 
cylinders ;' it acts in an' 
iron guide-bar, rpsting 
on the top of the pile 
which ia being driven, 
the steam being led from 
the boiler to the cylinder 
by jointed pipes, which 
allow of the motion os 
the pipe sinks. Another 
important pile • driver, 
which was first used in 
the construction of St. 

Katherine’s Docks, Lon¬ 
don, is the atmospheric 
engine, which is worked 
by on air-pump and a 
ateam-engine. 

Wo shall have an opportunity of 
entering at greater length into the con¬ 
struction of these important engines in 
smother sorios of lessons, and at the same 
time give some illustrations of them. When piles have only 
boon used for a temporary purpose they are either cut off 
at the level of the ground or are drawn up ; the latter plan, 
however, must always be adopted with great care, lest the 
vacuum caused by the withdrav^ of them should weaken the 
foundation. Files of oast iron were first employed in the 
constmotion of BridUngrton horbonr. ’The piles used in this 
work wero formed of plates of iron, so contrived at the sides 
that each pile was united by -a dove-tailed joint with the 
adjoining ohe. In 1822 Mr. Ewart took out a patent for iron 
piling, and the snooesa of those employed by him emboldened 
others; eventually oylindricol iron piles were introduced, and 
axe now largely employed. 

These vary, aocording to the nature of the work, from three 
to seven'feet in diameter. They are first lowered into the water, 
and driven as far os they will go without great difficulty into the 
ground; a quantity of clay is then pla^ around the outside 
^ them, for the purpose of preventing the water forcing its 
way underneath the bottom. The water is pumped from tho 
inside, and the workmen thein descend into the cylinder and dig 
away the soil, which they send up in buoketa, tbns literal^ 
uadannining the cylinder, wbiob then sinks either by its own 
weight ot by additional pressure. Hie pile is fqrmed of parts, 
and at the top cf the firot part are flanges, which also exist at 
hoik ends of the other section. Aa >one put sinks, another is 
bolted on to it, until the required depth ie reached. On the 



ends of theae cylinders the platform of girders and planking is 
constructed. 

Tho Bcrew-piles, introduced by Mr. Mitchell, are admirably 
adapted for loose, movable, and oven sandy soils, and have been 
found very useful in situations where all other means have fail^ 
Those piles are ^ wrought iron and ore hollow, and terminate 
at their lower end in screws of various shapes (see Figs. 4 and4). '' 
They are screwed down into the bed of the river or the bottom 
of the sea until the pile is firmly fixed; their heads are then 
connected by slcopers, and the Enperstruoturo raised upon the 
base thus formed. 'The lighthouse on tho Chapman Sand, in 
the month of the Thames, is built on such piles seven inches in 
diameter and about forty feet long; tho blade of the screw, which 
is of cast iron, is four feet in diameter. They are screwed down 
to the depth of about thirty-seven feet; on their heads iron 
girders, braces, etc., arc bolted; and on these the ligbthonsa, 
which is entirely of wrought iron, is erected. The piles aro 
seven in number, one driven in the centre, and tho others at 
equal distances around it. 

Tho method lately adopted by Mr. Pago, C.E., for getting in 
tho piles of the new bridge recently erected at Westminster, 

described by Mr. Ashpital, ia 
• BO novel and important that 

no course of lessons could bo 
doemed complete jvithout a 
slight description of it. 

Kows of strong elm piles, 
about thirty I’cct long, aro 
driven into tho bed of the 
river, passing firct 
through tho giuvcl, 
which is abo-ut four or 
five feet thick, and then 
going about twenty feet 
into the Lc.ndon clay. 
Them aro about 140 or 
150 jiilos to each pic-r, 
ranged alternately in 
threes and fives ; around 
these a range of cast-iron 
piles is driven, about four 
feet apart. These aro 
round, flfteot. inches in 
diameter, and have strong 
grooves cast on each 
side of them; they, how¬ 
ever, go into the clay 
only ten or twelve feet. 
Into these grooves largo plates of iron, 
which tho engineer colls “plate piles,” 
are fitted, and driven down lietween the 
pUes; they go about tem feet into the blue 
clay, and extend about a foot or two above the natural bod of 
gravel. Upon these is a series of slabs of granite, placed 
edgewise, retained in their places in tho following manner :— 
The bottom rests on the plate-piles, the edges are secured to 
tho round iron piles, and the tops to the other masonry; the 
plate-piles are secured together by two sets of ranges of iron, 
rods, passing through the pier and tying them together; these arc 
all fixed by the divers. It will be seen, therefore, a sort of caso 
or box is made, which Surrounds tbe wooden piles on all aides;' 
the loose standing mad is then firedged out, and tho case filled 
up solid with hydraulic concrete, in which, of course, tho piles 
are embedded, and the whole forma one solid moss to about a 
foot above low-water mark. At this level the tops of the piles 
are cut off, and on each top a stone, 2 lest square, and 1J foe% 
thick, is bedded, the spaces between which aro again filled in 
with concrete. The gravel is then dredged out around tho pier 
on the ontside of the case, and the space oleo filled witli, 
concrete. It has been urged that the steamers would come 
into collision with the ronnd piles, and break them so .that the 
granite slabs will escape, Os it were, and fall ifilo the river. 
This, however, cannot be as long as the ooncrete remains iff 
place, as the top of the dab is secured by the masonty^^d the 
bottim would not bo accessible. It is, however, intended m 
protect the piles by floating-booms, which will prevent the 
chance of collision, and will act as safeguards for ihe steamers 
as well as tite btid^. 
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THE STEAM-ENGINE.—!. 

B7 J. M. Wiwss, KA. 

JCOTSBB — aouBcs or thb powxk— siBeBAmci.x> 
■qWWjUiBKT OP HBAT—:PBOPaBTia8*^P STMaC — THH 
SOIUBB—WAQON, COBNIBH, PLUS, AMD TDBDX.AB BOIDMBS 
y-HSDPKBaBATPIt. 

ik mx\y times the advance of oiviHeaticm rendered tiie employ¬ 
ment of maolunery abnost a neoessityi'Bnd the need of some prime 
mover, other than the power of man, soon began to be felt. The 
force of the wind, and the power developed inmnning 
streams, would be the first to anggest themselves, 
and were early employed. A great inconeenienee, 
however, attended the nso of these agents, as they 
W||re th^certain and irrognlar in their action. A 
hmg-oontinued drought wonld so far reduce the level 
of many streams, that any hydranlic oontrivances 
which had been set in motion by them would stand 
idle and useless, however much they might bo 
needed. The uncertainty of the wind was also pro¬ 
verbially great, and 
a 01 ^ might oocnr 
just at the time 
when the maohiuory 
was required to act. 

The power of ani¬ 
mals was, of course, 
in these coses, 
turned to account; 
but hero again in¬ 
convenience and 
difficulty woro rx- 
porienced. The ani¬ 
mals had to bo fed 
and tended whether 
any work wore re* 
quirod or not — 
thus entailing con¬ 
stant expenso. At¬ 
tention was, there¬ 
fore, very naturally 
turned to the dis¬ 
covery of some source of power 
which should bo certain and uni¬ 
form in its action, well under 
control, and, witbal, economical 
in its employment. The power 

* which has np to the present time 
most iierfecidy succeeded in carry¬ 
ing out these various oonditionB is 
that'of Steam. Many other prime 
movers —■ among which may be 
mentioned Electricity, Heated Air, 
and Gas'—^Itave at various times 
been sug^stod, and tried with 
varying deg^s of sneoess. None 
of them have as yet exceeded, or 
Oven equalled^ the force of Steam; 
but it is the opinion of many who 
are best competent to form a 
jndgment. on such a subj^, that some of these will ulti¬ 
mately take the pls«e that steam now occupies, and that the 
Jitoem-engine will thns become amoh^ the tidngs of the past. 
Be ofl it may, the undoubted foot is that in tile present 

* eteam is dU"bnt uniTersally adopted as the moving power in nil 

S factories, large and small; and there is sowroely any article 
t we en^doy in our daily life, but in some stage or stages of 
mannfhetats has been operated upon by its ogeuqy. 
j|), Erwa befote the (Ihrtitian eia the attempt.was mo^ by Here,. 
> jpeO-kaown philosophef'of Alexaudria« to drive an engiue by 
the jKiwer ed^rteam imning from two smsB apertuihs, much in 
tijajHWae W#' aa .the hydnmlio machine, knows as BsrW's 
wm is sAt in notion by the rsaetion of the 'waiteg as it issues 
• in the two ami. 

• -A smentine aotiajr on pteoiaely the same prinei^lBj was a 
short MhiA simm htttqght.eat by the London Staredscepio Com- 
imMilTaader the Little Uarvdi ’* steamtbhgine. 

Toil, 1. 



It wonld bo very interesting and instmotivo to trace the 
gracKkal developmmit of the steiuu.;6ngme from thia, ite parlkst 
germ, down to the preaent time, hut this would be fcamiipi to 
the ampe of the present papers, vtiiich ia to furnish a ptaetioal 
desoription of its oonstruotion and aetion. Wo must, however, 
pay a passing tribtite to Janes Watt, to whom more k due 
than to any otiier of the almost numberless engineers who have 
made or suggostdd improvements. In fact, we may say that, h> 
most of its essential features, the steam-engine of the present 
day is the some os completed and perfected by Watt. 

Wo must first inquire into the actual source of 
the power produced by the steam-engine; for it 
must be earefnlly remembered that no machine can 
crmde force—all that it can do ia to control or 
modify its action. Tbe souroo of the power, th<m, 
must be sought for In the fuel oonaumed in tin 
fnimocc. As was explained in onr lessons on Heat 
in The Popular Educatob, heat and force are 
to a certain extent mutually oonvertable. 
Illustrations of tho conversion of force into beat 
are familiar to al¬ 
most every one. We 
have a praotioal ex¬ 
emplification of it 
every time wo strike 
a lucifer match, 
and, by the friction, 
generate sufficient 
heat to ignite the 
inflammable com¬ 
pound with wMob 
it is tipped. Wo 
are not, however, 
so familiar with the 
foot that heat may 
bo converted into 
mechanical foroe. 
Such, however, is 
tho cose; 'and as 
the result of a long 
series of experi¬ 
ments, very care¬ 
fully oonduetod by Dr. Joule and 
others, wo learn that the amount 
of heat required to raise 1 lb. of 
water 1® Fobr., is sufficient to 
exert a mechanical force equal to 
raising a weight of 770 pounds to 
a height of one foot. 

Every pound of coal'or other 
combustible consumed in a furnace 
is capable of performing a certain 
definite amount of Work, and the 
stoam-engino may therefore be 
defined as “ a machine hi which 
the motive power of heat is 
utilised and mode to accomplish 
any desired work." The problem 
to be solved is to discover iu 
what manner the largest portion 
of this heat may be rendered available, and most of the iih- 
provements made in its constmetion have this as their aim. 

At present, however, wo eannot consider this problem as by 
any means satisfactorily disposed of, for, even in onr best oos- 
strueted maohines, the actual work aooomplished is seldom, if 
ever, moye than one-eighth of the theoretioal amount, ami in 
the large majority of eases it foils considerably below oven 
this. This subject is, of oourse, one which demands and has 
obtained mneh attention &om practical men. One great oause 
of the vraste appear; td be that the oxtremos of tmperature 
ha the boiW and oondenser are not sufficiently roidoved from 
(me another. The greater this interval, tiie greater is i^e 
power obtmned; in the engine, however, it fe r^dom above 
290°: for al^ough the tomiieratnre in parts of the fumaoe 
Is frequently StOOO”, that of tiio Bteara is much above 

800°^ or 850°^ tiiere being praotioal dfflosl^s in the way of 
enjoying it at a higher temperatnpo, . ' ' 

a ireKteko a rtudul of water, and boat ij it, tho tom- 
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Mratnro will gndtujijr xUe till it reaches SIS”. At ihia point, 
if tiia vMBol be fta open one, it bocowee etatietMUTi ond Ijlibble* 
of inTisiblo Tupoor, or eteain, oreforpuid at the earlaoe expoiad to 
the Booroo of heat. These rise throuKh the liquid, caoiing ebul¬ 
lition, and idieii eeBapo into the air, where they eoon become par¬ 
tially oondenaed, and arc thne rendered riatble. If the water be 
oontoined in a oloae TORsel, the proseare of the eteam ganorated 
mdnally inoroaaea, nutU at last, if no eeaape be provided, it 
batata t^ veasel. 

By allowing the eteam to enter an empty reaeel, we find that 
it Qooupiea a very largo apace as compared with the water from 
wbioh it la produced,'the inoroaae in bulk being rather more 
than 1,700 times. Aa an easy mode of remomVwring this, we 
may atato it thna :—A ouhio inch of water, when converted 
into steam at tho ordinary iiresaure of the atmosphere (15 lb. 
^r square inch), ocoupiua the epacu of a cubic foot. If Idio 
praasuro bo increased, tho volume will be diminished in a eorre- 
Bponding degree ; thus the steam produced from a cubic inch 
d water will only occupy half a cubic foot when at a presauro 
of two atmosplmrea. Ou removing this presauro, it will at once 
expand. Wo see, then, that dry atcam—^that ia, steam when 
above the point at which it ia condensed—pnaaeasea the proper¬ 
ties of au clastio gai, and it is to these properties, and to its 
great increase in bulk compared with that of tho water from 
which it ia gonorat'.al, that we owe its employment in the 
engine. It may be well here, as a caution, just to remind the 
atudoDt that true steam is au invisible gas. Tbiit whioh we boo 
issuing from tbo funnel of an engine or the spout of a kettle, 
is in reality piirtially oondoused steam, tluvt is, minutely divided 
particlea of water auapeudod in the air. 

We must not imagine that it ia snflicient merely to raise the 
water in the boiler to a temperature of 212“, and that then it 
will at onoe bo converted into steam. Were this the ease, no 
vessel would be strong enough to withataudtho sudden pressure 
thus produucd, for the, water would, on attaining tho boiling- 
point, explode with a violence almost equal to that of gun¬ 
powder. The real fact is, that a large amount of heat is ab¬ 
sorbed in tho conversion of water into steam. If we take any 
vessel containing water at a temperature of 32“—that is, just 
at the frocsing-poittt—and having placed a thormomoter in it, 
expose it to a uniform souroe of heat, wo can cosily ascertain 
the exact time it requires to attain tho boiling-point. Now 
let the heat continue uniform, tho water will slowly boU away 
and be converted into steam, and wo shall find that about fire 
‘and a-half times ns long is rcqiiired ti evaporate all tho water 
as was taken to raise it from tho fi'cesing to the bpiling point. 
The temperature of tho stcaUi has, h iwovor, at no tima oxcoodod 
212“; ic is deer, tlteroforo, tliot this additional quantity of 
heat has ail been stored up or rondored latent in tho steam. 

This may easily bo proved. If wo close the vessel, pad allow 
the steam to pass along a pipe into atiothcr vessel fiUed with 
ice-cold water, we shall find that it has suffioieat lieot in it to 
raise five and a-holf times its own weight of wobsr ^ ilm 
boiling-point. 

Having in this way just explained tho mold' importsint fwo- 
portiuB of stoum, so far as they relate to tho enj^ue, wu nnst 
pAmcod practiud'ly to explain tbo luechanism end aotioa of the 
diffisrout varieties of engine generally employed. To do this,, 
the idmplc^t plan will bo first of all to exphui in detail the 
eOBatmd)ipn of soipc one form, which may, to a certain extent, 
be is^rnrded os a typical form, and theu to trace the various 
deriemoaa*' &oia' this, whidb ore rendmrod uecosiiary by the 
diSsreitt requirmneuts of each par^nlar «asa. The engine 
which wte shaQ eeloct for this detailed dsscriptioa is that tec^- 
eally known os a pouble-actiug. Condensing, Beam Engine; tiio 
meaning of thes«4m^^ has been explained in the papers on this 
aubjeot which li&vu ^sody appear^ ia Tag Bopulab Eiutoa- 
TOK, and will aho]l% become more apponsnt. 

From what has said, it is dm that the fii^ requisite 
la « vessel m wbioh the wntw maybe oonteined for oouvolcsion 
-mto steam. This is technically l^wn ok the boiler, and must 
id necessity be so roods hs to watm-tightt and oil. anffident 
xtMqgth to restat the oahuavd pjebsauxe of the steam. It must, 
faddist, have Rich a totm, ih^ hs»t nay be easily and two- 

aioslly bppltod to ib; Ths ssnstruotion of the furnace is 


jAjgS tnUmstoly conneetsd with'wlnl hi the boiler, and, os we 
ISWU SM, the otmost vads^ is the iorms to the 
into Pw dijeot sought is the messs of gmesatisg the largest 


amount of steam with tbs smallest ospeiditQre fuel; eoonomy 
of space is abo In many cases an important requisite, and 
hence the form given to the boiler depends portly upon the 
special oxigenoiss of the cose. There ore three mom dosses of 
boilers, vis., land, euuine, and lueomotive boilers. The tifo first- 
named are stationary, being uscally firmly i^d in the ptwition 
they are intended permanently to ooonpy. Spans is usqfbily 
more valuable in msjrine boilers,, and hence special agre^lib- 
monts ‘hove to be mode, even at the expense of 'n increased 
expeudituro of fuel in proportion to the work acoomplished. 
At the present time, huwevevr the oonstruotion of land boilers 
is, in many respects, besoming more closely assimilated to that 
of those intended for marine use. 

Tho form known os the “ wagon ’’ boiler, and represented in. 
Fig. 1, was introduced by 'Watt, and for a long time WM, re¬ 
garded os a standard form. It has, howevor, gradually 
falling into disuse. Perhaps that most genei-ally employed 
in tho present day ia the “ Cornish ” boiler, a seetion of which 
is shown in Fig. 2. 

It consists of a oylindrical sholl, usnally mode with fiat ends, 
and has one or two largo iiitomul oiroolar flues, in whioh the 
furnaces are placed; the hot air, having passed along ibese, 
returns by flues, made in the surrounding brickwork'at tho 
sides or bottom. 'The cylindrical form is much bettor calcu¬ 
lated to resist tho strong internal pressure to which boilers arc 
subjected, la other forms strong interna) stays arc nearly 
always introduced, to impart additional strength. The internal 
flues are firmly riveted to toe ends, and materially odd to toe 
strength of the boiler.' 

There are some objeotions to this form, the main ones being 
that too space for toe fnruaoes is rather limited, and a sufficient 
slope cannot well bo given to the bars. Tho tubes, too, unless 
carefully strongthenod, will sometimes collapse from toe pres¬ 
sure; but theso difficaiti'>s may be ovorcoine, and toe boikt is 
reckoned one of tho best for ordinary cironmstanoos.. 

Tho plan of allowing too flame and heated gases from the 
funiaco to play outsido tubes containing too water, instead of 
paasing through tubes filled with it, has boon adopted in many 
instanoes with benofioial results. An application of this prin¬ 
ciple Los been patented by Messns. Galloway, and been con¬ 
siderably employed. Conical tubes are maile to pass right 
flirough too central flues, beyond too combustion-chombor and 
toe firo-brid'^e, on the pla'u shown in Fig. 3, which ivepresonts an 
ordinary Oomisb boiler with those tubes, which arc known as 
“Galloway Tubes," fitted to it. Owing to their conical form, 
too flange at the lower end will pass through too opening in the 
upper side of toe flue, and thus save much trouble in toe fixing. 
They are found- to sarvo us a support to tho flues, rendering* 
thorn mu(di less liable to collapse, and at too same time tli|pr 
afford increased and very offeotivo heating surface, and improve 
toe oironlotion of the water in the boiler. This latter is (onnd 
to be a very important point. 'When two furnacus exist, they 
are nsaoUy fired alternately, onfi in this way the produetion of 
smoke is found to be oonsiderably lessened. ^ 

The boilers ompli^ad for tbo earlier morine engines were of 
toe class known as flue boilers, and they attained » high degree 
of efficienoy. In theso' the flues were VlioU)^ intorrihl, so that 
they were surrounded ^ all sides fay a toin layer of water, arid* 
toe produoie of combustion were tons mode to circifl^te through 
toe boiler before escaping into toe chimney. Aa wiH easily 
bo understood, tlte groat object nsgoired to bo obtained is to 
absorb as much os possible of tho heat, udtoout rendering toe 
drau^t too foeUe. 'When toe heated air nsoapes into toe 
chimney at a very high tei^erature, th(Kfe is, «t a 

oorresponding waste heat; too object, toeref(8re,;.is havinj^ 
toese long flues is to enable toe water in toe boil^s to ,tsike 
up os maoh heat os posidhla. It will easily he seen .that Uiih^ * 
flues are internal, tost jptution of heat wh^ is nsim^ 
'nbsmrbed by toe briokwotk, *nd ffhioh Is by up ww i witf ihapfli 
iidershle in quantity, is ssvsd. •;. 

A tubular boiler is, bowev'er, now nssyly siinejs emp}q|4d ta * 
marine enginas,.. Bt this too hesM ^ndw^ tim toe iwmoe, 
iitflnad of passing «lamg OM large flue, are hxpken 
number (ff Small streams, wMich toyough a sOriaiyaf. tmms* 
i and tons give up ell th^ besi^'to the His 

wayAb is found ft*t A great economy of ifOM is He 

haat'%ihg mtiqh poto WspA^. tostmotsl Imu toj^.-wwdl 

stefitest.: SQmetimtoimdtotobHttho|lier*d»»iHi«^<^ 
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plan Teijr ajpgilav to Ihe Cornish boiler already SpnxeiL The 
front pf»t d tiie flue is Sited with a sloping grate, and serres 
as aoombnationrohambe^fWhioh extends only part of the length 
of the bc^ri at the ba«h of this is placed the fire-bridge, 
against which the flomos first impinge. Zhe rest of the fine u 
rephtoed by a series of small tubes about two and a-hulf inches 
intsnNsl (hamster. These are, of course, firmly fixed into a 
tabh^lste at eaoh end, so as to render the joints water-tight. 
A psmking of wood is often introduoud for this purpose. 

Care most bo taken not to placo the tubes so'close togrether 
os to impede the circulation of water, as it has sometimue 
been found that the additional heating sarfauo thus attained is 
more than conuterbalaiiced by the impaired oirculatioii; in tboso 
oases an in(;roased production of steam has been caused by 
removing a few of the tnbos. 

With a boiler of this form a return flue is usnally unnaoes- 
sory, and the smoko is allowed to pass directly into tho 
chimney; much of the cost and labour of sotting in brickwork 
is thoi’eforo dispensed with. 

Another form of boiler, now very freuneptly employed in 
stoam-vosHolB, is represented in Pig. 4. In this tho furnofse 
passes from end to end of the Imilcra, and tho tubes are placed 
above it, so that tho smoke passes back ag-oin along tho boiler 
before aHea])iiig into tho chimney, a is tlio f urnaec-door, B B 
tho fire-bars, which slope away from front, so tliat tho 
fuel gradually passes along to tho further oud, as fresh is snp- 
])liod in front. In this way the smoko produced, when tho 
fnmuco is cooled, has to pass over tho sn||focc of tho highly 
inciuidosonut fuel at tho f/rthor cud before it j’oachcs tho flues, 
and thus it is to a considorabto oxtout oousuraed. The gases 
tlion strike ag.rinst tho firc-bridgi, n, and pu'-s into the spaoi n. 
Prom this Uioy travel along the horizoutul ttd'es tiil they 
escape into tho flue, l'. In this way there is Imt little wosli* of 
heat: oven the ush-pit, c, is, as will be seen by the figure, within 
the boiler, so that the lioat from it is not wasted. 

The tubes in this boiler aro, it will bo ob.sorved, entirely 
surrounded by water. Sometimes onothor set is pinfeed above 
these, so os to bo in tho steam spuce, and these servo to raise 
the temporaturo of the slcam. and thus render it mom perfectly 
dry. This second sot is ttv'Unically known as tho *• superheater.” 

Steam in most of its properties rosemblcs a gas, and, like 
any gas, expands on the applinatiou of boat to it. If, then, 
tho stoum be exposed to a higher teiuporatnro, cither its volume 
or its ]irossuro will be inereased, and a greater mcclianical 
(rfiToct may therefore ho obtained from it. Another advantage 
is also obtainod by superhoating tho stoam. Under ordinary 
circurastances, when tho stoam is not al. a vei-y liigh toinporaturo, 
ijils partly condensed by eontoot with tho cylinder and otlinr 
worfeng parts j and honoc there is a deposit of water in them, 
and a^corresponding loss of powoi’. By snperheating tho 
‘steam this is guarded against. A fow years ago the tondonoy 
was to superheat the steam as much as, possible. It is fonnd, 
however, that if its tomporatnro bo raised above 81 S“, the 
psukiBg of the stnfHngkboxes is liable to b^oomo charrod, and the 
oil or other labrjc»nt used in the engine to bo injured. Tho 
praotiee, thei;pfbre, seems to be gradually diminishing, and is 
not nsnally carried much beyond tho degree that is reipilsite to 
ronior ttie eteam thoroughly dry. 

Very many' dilForont forma of superheater have been pro¬ 
posed, Bind tried with varying degrees of success. Tho usnal 
plan is to eanse the steam to pass through a scries of tubes 
placed at tho lower phrt of tho chimney, so that tho heat 
employed that whioh would otherwise esoape with tho smoke. 
It, is not found that vfhen fresh ftwl has to be employed, any 
advantage is ^inod by employing it in snporhoating tho ateom, 
inatfi^ ^ applying it to the boiler in tho ordinary manner. 

BIO«BAPI^©AL SKETCHES OF EMINENT 
• JNVENTOBS ANi> MANUFACTUEEKS. 

,, la-i-ioBEEt STEVENSON, ENGINBBB, 

, ■ WjAVxa gaiAST. , 

SncVZHeOjl^, the cimtor of tho modenai lighthonle 
ayahnn ii^^ootland, the great oi^ineor by whoso i^U and 
oaxKittfB 19^ wondeifnl j^otnre on the Boll Book was ereetod, 
WM hnjf& «i ilje of Sniio, 1772, in the city of where 


his father, Alloa Btevenaon, wm a merohant oonpaoted with St. 
ChriBtPtdlflr’a. By Uie dtltb that parent, when on a visit 
there, Bobert Stevenson wni left fathoriees at an early oige, 
amid many peconiary diflfiainitiea, on the care of faia motW, 
Jape Billie, who, with rim ambitiou so namd with the Scotrish 
matruna of the middle and hnmbler olsseea, designed her boy for 
the Church; but, ere his fiftss&th year, she h^ contract^ a 
second marriage with Mr. Thcoiuw Smirii, a tinsmiih of Edin¬ 
burgh, a man whose mind ww far in advanoe of his station, and 
whose studies were devoted to rite eonstrnction of lighthouses 
and beacons—a deportment of engineering in which he had the 
merit of snbstitnting for the open ooal fire and grates pre¬ 
viously used, lamps fed with oil and famished with poiaboUo 
reflectors. 

This matrimonial alliance consed a oliange in tho prospects 
of yoiuig Stevenson, who threw aside his Larin, Oreek, and 
Hebrew, and devoted all bia energies to the views and plans of 
his stepfather, by whom, so early as bis nineteenth year, he 
was outmsted with the erection of a lightbonso on one of 
tho Cnmbrae Isles in the Firth of Clyde—a commission ordor(.d 
by the Trustees of tho Iriver Mavigatiou; and, pleased witli the 
sidll ho evinced, Smith soon after took him os a partner in hie 
businos.s. In 1799 he mamed a daughter of Hr. Smith, whom 
he snccceded as Suiwrintondent of Scottish Lighthouses, an 
offioo which ho resigned as lately as 1848. Daring tbe progress 
of the work at tho Cumbrao, ho attended tbe lectures of the' 
Andersoriian University of Glasgow, and mastered the mathe- 
inaricnl ami mechanical sciences necessary for success in bis 
new profas.sioii; in this having tho good fortune to obtain for a 
preceptor. Dr. Anderson, the founder of the institution. His* 
next work was tho erection of a lightbonso on tho dangotons 
Poutland Skerries in Orkney, and the close of every sommer’e 
work found him studying hard at the University of Edinburgh, 
whore he rapidly passed through a onrrioulum. that included 
mathciunricB, natural and moral philosophy, chemistry, natural 
history, logic, and agriculture. He was a striking example of 
the hard, resolute, and porsovering Scottish student, and ere 
long ho besamn a most accomplished and eoiimrific scholar. He- 
made his first tour of inspection as Saperintendent of light¬ 
houses in 1707, and during his term of office he erected no loss 
than twenty-three of these edifices in the far Northern Isles, 
many of them being oonstmeted in perilone situations, the 
dlffiunlties of which, by land and wato, could alone bo over¬ 
come by the most anxious thought, courage, and scientific aae. 

In 1824 he published an account of the most dnrable monu¬ 
ment of his high attaiuraciits and success—the erection of the 
lighthouso on the Bell Bock, a dangerous and sunken reef of 
red sandstone, near tlio month of tho Firth of Tay, in west 
longitude from Grcsenwich 2° 22', and in north laritude bfi** 29'. 
In ancient times it was named tho Incdi Cape, and thereon in the 
Middle Ages an abbot of St. Mary's of Arbroath hnng a bell, 
which was rung by tbe waves and wind, as a warning to sea¬ 
men ; and tills bell is said to have been spitefully destroyed by 
a famous rover, named Sir Balph, whose ship perished on the 
fatal reef a .year and a day tber^ter. So mneh for Southey’s 
ballad and old Seotrieb riwdition s hut evety winter saw many 
vessels cast away there, and among others, in the great storm 
of December, 1799, H.M.S. York, of 74 guns, when mnning for 
the Forth, foondei^ thereon, and every man on board perished. 
The wreck alone sinwivod to tell their story. 

This oatostrophe made the outcry for a hghriiouse general, 
and that on tho Eddystons was proposed ss a model. Bat the 
obstacles to be overcome iq, riiis instance were greater than 
in those of tho former, wfaieh oconpies a reef barely covered by 
the tide at flow, while the Bell Book was' barely nncoverod at 
its lowest ebb. The Trinity House at Leirii (a hnmane endow¬ 
ment of Mary of Guise, Queen Bogent of Bootlond) had ereebad 
no less than three gree^ beacons on tbe rook; bnt these the 
sea swept away in rapid succession. In the summer of 1600 it 
Was visited by Botet -Stevmieon, who had modelled a pBlar- 
formed Ughthonae for rim place, even before tbe loss (ri the 
York f but he saw riiat it wonld prove nnsvdtable, though he 
deemed it (jnita praoriooble to ereot a solid srime ^WiR on riw 
Eddystono plan, and his drawings tox this pnxpeae, with esti¬ 
mates for tbe expense, amoonring to A43,06h, 8a., were sub¬ 
mitted to the Lighriionse Board, and at onee aod^W. 

He proonred a Pmssian vessel of 82 tons—a prize taken 
dnrir^r rito war—as a habitation for his workmen, wiuoh be 
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named tiie Hmealon, in honour of the oonstmotor of the Eddy- 
stone ligbthosw, nod prior to mooring her off the reef, he ronnded 
both her stem ud atera that ahe might ride more easily. She 
was rigged iri& three masta, ea<& Bnrmonnted by a oopfer 
lantern, while another Teseel of 40 tons oonri^ed the atonee 
from Aberdeen, whore they were hewn ^ the granite quarriee of 
BdUalaw, and also from Mylnefleld, near Dundee. Onthel2thof 
Angn^ 1807, the fonndation-Btonawaa laid, and soon ” each was 
the oEnk of hammers, the hurrying of feet, and the din of human 
Toioes, whioh now invaded the aoUtude, that the affrighted 
who had hitherto regarded the Bell Book as their own exolnsiTe 
property, went off in shoals in quest of new settlements.’* 

I'be ereotion was a seven years’ task, beset by hourly diS- 
mdEes, and an incossant struggle with the shifting elements. 
On one oooasion the Srneaton broke from her moorings and 
was drifted into the Oerman Sea, leaving Boburt Stevenson 
with thirty-two workmen on the desolate rook, whioh by the 
dewing tide would soon be submerged to the depth of twelve 
feet, while the two boats they hi^ would not have oarried off 
more than half their number. It was a perilous and terriblo 
situation. Who were to go, and who wore to be left to drown P 
Stevenson was not without hope that the drifting Smaaton 
might poik np tho boats if she came to leeward; accordingly, 
he was on the point of haranguing his terrified men on the 
penis that monaood them, and urging them to be of good courage 
and put their trust in God. His idea was, that all should strip 
<^t aw^ their olothM as an unnecessary inonmbranco and 
additional weight, and that a specified number should cling to 
tho gunwales in tiio water, while others rowed thorn all towards 
the shore. But when ho attempted to speak, his tongue was so 
percihed by exoitemont and tho saline atmosphere, that speech 
failed him; however, at that oritioal juncture, there woe a ory 
of “A boatl a boat!” and through the mist ono was seen 
approaching. It proved to be the pilot craft with letters for tho 
workmen, and all quitted tho Bell Book that evening, happy at 
escaping a too probable doaib; but all were drenohed to the 
neck by tho snrf. 

During tbo firat eeason tho Bmeaton, floating-light was Stevon- 
eon's abodo while tho work ptogrossed; many a hard galo ho 
rodo out in tho old Pmssian hulk, and many a night the adven- 
turoue onginoor endured «dl the horrors that precodo a ship- 
wraot—of being blown adrift on the one hand, or dashed on tho 
rock itself, as a sudden and final catastrophe, on tho other. 

a time he got a kind of “ pigeon-house,” as he names it, 
built of logs, exposed, however, to the aessialt of every wave. 
In fine weatbor the breakers rolled sixteen feet high against 
it, while in gales the spray rose ninety feet above the sea- 
level. 


At four o’clock ono evening, as Stevenson records, “tho water 
broke into ttro oook’s berth, when he rang the alarm-boll, and 
tnmod up all hands to attend to their personal safety. Tho 
Awr was oompletely burst np by the force of the sea, while the 
whole of the dtals and artiolw remaining on the floor were 
swept away, such as tho cast-iron mortar tabs, the iron hearth 
OT the forget the emith’s bellows and even his anvil were 
thrown do^ on tho rook. Before the tide rose to its faU height 
to-day, some of the artdfioers passed along the bridge into the 
ligwhonee to observe the offeot of the sea upon it, and they re¬ 
prated ^t they felt a riightiy tromnloos motion in tiie building 
when the great waves atruok it in a oertein direction about high- 
enter t^rk. It was quite impossible for me to do anything for 
their rraef, nntil tho gsle sho^d poes off.” 

Amid entfli ohetaoles and enduring toils, tho Boll Kook light- 
hooee completed in Dooember, 1810, and sinoo then, fat 
over tiwenid German Sea, night after night, its lamps have shone 
u a guiding-star; while in the base and snow, its great boU ie 
kea^ to elang as in the di^s oi the bnimne abbot ef St. Hary’s, 
awd the dense atmospbore, a warning to eeamen, and the means 
many » human life. In Juty, 1814, it was visited by 
»r Wsltor Scott, whose “ Diary" roeords the pleasure and 
novels he experienced on tiiat oooashm; and when riiere he 
wrote in the aU>um some baes whioh Stevenson adopted as the 
for the4itle-pag« of the history of the undertaking. 

Stevenson nrat oontempfattod « Eghthouse on iho Skerry 
vhw, in the Isle of Tlieo, raw of the Hebrides, a dei^ aftra- 
wmrdsraaried out aoeoessfully Iw his sen Allan, also a talented 
engineer, in 1842. 

Brthwt olwc’*"! aokrcwlodgod that the Eddystone 


lighthouse suggested to him the more difficult ereotion on tiw 
sunken Bell Book, while bis plana of the jib and balanoe-ctnuMS, 
and the changes ha adopted in the masonry of the tower, in laying 
the floors so that the stones of each should fomaportion ^ the 
outer wait—thus binding the whole mass togethsr—were im- 
ptovomenta on the plana of Smsaton, whom he was ever proud 
to call “ his master." The Iranps were also an inventito of 
Stevmson’i^ being intermittent and flimiiiTig; the former disiip- 
pearing at irregnlar intervals, and the latter emitting a power¬ 
ful gleam every five eeoonds. For this he received no reward 
from his own country, or native sovereign, but the Kuq; of the 
Ketherlande present^ him with a gold medal. 

Ultimately, ho made the system of the Soottish lighthouses 
BO perfect, as to bo a model to other maritime nations. Ho was 
a fluent oo-operator with Bennie, Telford, and other great 
en^eexs of the time; and after the poaoe of 1815, he was the 
principal adviser in the oonstrnotion of all those new harbonrs, 
bridges, roads, oanals, and railways, towards the foimation of 
whioh SoottiBfa energy amd capital beoame suddenly directed; 
and the new and beantifnl approach to Edinburgh from the east, 
by the Colton Hill and Begent Bridge, was cut through tho 
rooks under hie immediate direction. He suggest^ the now 
form of suspension bridge applicable to small spans, avoiding 
tall piers; and this form was partially adopted in Ihe bridge 
over the Thames at Hammersmith. 

For a timber bridge at Moikle Ferry ho designed an arch of 
a new oonstruotion. It was composed of thin layers of plank¬ 
ing bent into oircujar form, and stiSenod by ring-post-pieoos, 
on whioh tho level roadway rested ; and this form is now in 
general use in tho oonstraction of railway bridges. 

He was author of many articles in tho “ Enoyclopsedia 
Britannioa,” in Sir David Brewster’s “ Edinburgh Encyclopffl- 
dia,” and tho old “ Scot’s Magazine,” etc.; his professional eon- 
tributions making altogether four good-sizod quarto velnmos. 
In 1815 he was modo a Member of tho Boyal Society of 
Edinburgh, of the Geological Society of London, and of tho 
Wernerian and Antiquarian Societies of Scotland. 

In private life he was universally esteemed as intelligent, 
kind, amiablo, and benevolent, and he died universally regretted 
in hie seventy-ninth year, at Baxter's Place, Edinburgh, on ths 
12th of July, 1850. A bnst of him was subsequently executed by 
Samuel Josephs, and, oddly enough, placed by tho Commissioners 
of tho Northern Lighthousoa—^whore few indeSd will ooru to 
visit it—in the library of the towor on the Bell Book. 


PROJECTION.—V. 

TO rBOJBOT A PBNTAGOKAL VBISM. 

Lit abode (Fig. fll) be ■iho plan, and c j a, e' ^ a' (fig. 62) 
the elevation when one of the long faces, a b, ie at right aaglos 
to the vertioal plane. Fig. 63 is the elevation, looking directly 
at the point e. The mode of obtaining.thiB etevation has been 
shown in Fig. 40. The upper end of toe axis is shown at g in 
toe centre of the plan,* and its position in toe etevation is at 
/ g. Now it will be remembered that the ends of *a right prism 
ace equal and rimilor planes, parallel to eaoh other,t toese ends 
being united by lines at right angles to their aurtaoee; and it 
will thsrefore be evident, that projecting a prism ia enly re¬ 
peating toe prooesB of projeoting a ptano. Thus let it be 
requir^ to draw the plan of toe prism when resting on a b, 
its axia at 45* to toe horizontel, ’and parallel to the ^ratical 
plane. It has already beemshown that the axis is parallel to 
toe edges of a prism; consequently, sS the axis'is at 60*, so 
will be toe edges. Therefore, place Ik* line a a (Fig. 64) at 45P, 
and on this line oonstruot the elevation of Fig. 61 r project toe 
enda (^. 65) by dropping perpendioulars from toe pointe in the 
elevation (Fig. 64), and totereeieting these by hcrisohtals GpiD the 


* To find toe centre of a ngidar polygon ^-Blseot two Of toe anglm 
of sides which adJola cooh othar, and toe point whan toe bisaettng 
lines meet will ha tha centra. 

t'When the planet forming toa ends of toe pritu anal. |i^t angles 
to toe long sides (ttisl la, so that If the prim atanda oh cos of the 
ends, toe long aidea may he varrioal). it ia, "a ilg^ pitem.” 
Whan toe planet d toe ends ere slanting to the length'eftoe 
it la called " oblique." In these leMoua all prisms aft aamtad to ha 
"right," nnlen oiliCTwIan rxprcaicil. 
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THE TEOHNIOAL EDHOATOE, 


pgrramM 'N^hen i#o sicUa of the ptaa, B o utd B r, are at right 
aaglek to the TOttioal .plane, and ita axia reriaoal. Kow let it 
be teqnbed to c^v the the pyramid -when lying on the 

aide Bed. The elevation (Jig. 70) will be preokely the aame 
aa in $1g, H9, dltered. on^y ip position. It will bo aeU-evidont 
that it a pyramid stood on a plan, and, whilst roating on the 
line Utl, it were gradually tortied Over until it should lie on one 
af ife trlangolat faces, the widths f b, b c, and a d would 
remain the same, notwiihatanding the change of poaition ; for, 
BuppOelng pieces of board were placed upright on the lines u h, 
tile BJiglea A, » would touch these “ wo^eu walls ” throughout 
tile movement ; but this la not ao with regard to the widths 
from a to c, and from f to b, which ore altered according to 
the position of the plane of the base in relation to the hori- 
BOntal plane. 

The points for the plan (Pig. 71) will therefore be found by 
prodnoing the straight lines £ c, F b in the plan, and intoracuting 
them by perpendiculars from the corresponding points in the 
elevation. A line drawn from a in the plan parallel to the in- 
terseotiiig line, intersected by a perpendicular from a in the 
elevation, will give a", which will bo the i>lan of the apex. 

Fig. 72 is the projection of the pyramid when lying on one 
of its faces, with its axis at 45® to the vortical plane. In order 
to test the etudent’a comprehension of the foregoing lessons, 
this figure is left unlettered. 

It is now required to find the true ehape of the section a d, 
HI (Fig. 09). It will bo evident that, as n d in the elevation 
ropTesenta A d in the plan (Pig. 68), A p will be the width of the 
section at ita base. Therefore, draw a d (Pig. 73), and oreol a 
perpendicular at its centre. Make this porpondicuhir equal to 
2 J, and draw a line through i parallel to A u. From ^ (Vig. 09) 
draw a perpendicular cutting the radii f and £ of the plan in I' 
Join hi, i A, hi), Then Avi h will be the plan of the Hootion, 
or the .view of it looking downward in the direction of tho arrow. 
On each side of i, ih the true section (Fig. 73), set off half the 
length of tho lino i hin the plan—vis., s' h'. Join h' A and i' u, 
which will complete tho form of tho aeotiou. 

Tho next step is to develop tho covering of snoh a solid. It 
is hoped that, nftor tho instrnotions already given, this will 
prove an easy task. 

I'Vom a in tlio plan (Pig. 08) draw a line, 0 J, perpendicular 
to F C, and eqiml to tho height of tho pyramid (^ a). Draw 
F J, o j, which represents tho seotion which would be bounded 
bjr a diagonal of tho base and two of tho ed/jes (iu>t suhs) of 
the pyramid. With j p as radius, describe an aro (Fig. 71), and 
sot olf on it tho lengths equal to tho sidos of thu base. .Toin all 
those points to Onoh otlior and to j'. On c b, or any other of 
the sides, coustruct a regular hexagon, which will comploto tho 
development of the pyramid and base. Bisect e F by the lino. 

g , and on this line sot off tho height, e i, on tho elevation (Fig. 
60), and through i draw t h. Join those points to each other 
and to A, p; this will give tho sention-lino marked in the 
development. 

PBOJECnON OF CIUCI,E.S AND CVLIHPpBS. 

We now approach a branch of onr subject which is of 
ospeoial importance to engineers and metal plate-workers— 
namely, the projection of circles and cylinders, and their 
development. As, however, the previous lessons hare gr.adnally 
led up to this point, it is hoped that tho student will have 
been eq^propared for the subsequent studies that he will find 
but Htue diificttlty in them. 

Fig. 7S is tho nont elevation of a circular plane; and it will 
bo scon that the plan of this is a mere line, A b, equal to the 
diameter of the dirolo. (The apertnro in a obdld’a money-box is 
tho plan of tiio penny whioh drops through it.) To prepare 
this disc for projection, divide its oironmferenoe into any num¬ 
ber of equal parts, uae, -td, etc., aud from the points a, e, d, 
eto., &op perpeadiealars to out tiie plan a B in the points simi- 
itirly lettered. If now we rotiite tiie disc so that its plan is 
»i right angles to tho intmrseotiBg line (Fig. .76), the elevation, 
too, will be a line, c c', eqtiid to fixe diametew. To prefect this 
oirele, ttonsfer the points oj n,», and x,.B to phut AB (!Fig. 70). 
Im it tWt bo required to find tb* <d elevations When 

the plene^ef the dhs) is at 60^ and 80“ to tho vertical plane. 
Place the plan at each of these angles, os A n' and am". Taking 


A as a dentoe, describe' arcs from the poiutll in the plan to out 
tho plans ab' and a b" in c' d' b'. From each of these pointa 
draw perpendiculars, and from the points similarly lettered in 
tho elevation draw horixontols. Tho intorsectiona of these two 
sets of lines will give tho points c, d, e, etc., through whioh the 
curve is to bo drawn by hand in tho first instance, bnkit may 
subsequently be inked by means of the French curve, or centres 
may be found from whioh parts of the ellipse may be strnek. 

'The priiictplo on whioh the projection of a oirele is founded 
having thus been shown, Fig. 77 gives a simplified method. 
Let It bo required to draw the plan of a circle when roating on 
one end of a diamotor which is parallel to tho vertical plane, 
the surface bcuig At 30® to tho horizontal plane. ThO line A b, 
placed at 30“ to tho intorecotittg line, will thou represent the 
elevation of tho disc. From tho centre of this lino, with the 
radius of tho circle it is intended to project, describe a somi- 
cirole, and divide it into a number of oqnal parts, ab, ED,.eto. 
From each of the points a. e, d, etc., draw linos mootnig A B at 
right angles in the points c, d, d, c, c. Draw any line parallel 
to tho intersecting lino, and draw porpoiidiculors to it from A 
and B : then this lino a' b' will be tho plan of tho didmotor 
which is parallel to tho vortical piano. Tho somicirclo drawn on 
A B ropresont-s ono-half of tlio disc lifted np until it is parallel 
to the vortical plane. Tho lines C c, u d, and e c thus show tho 
distance which each of these points in tho circ.umfurouoe is 
from tho diameter A n. Therefore, from c, c, c, d, d iii tho ele¬ 
vation draw pcrpcmiUcnlars jiassi’ig throngli the plan of tho 
diameter A' is' in c', d', c'. d', c. From these points set off on 
the lihos drawn througli tJicin, and on bach side of a' b, the 
lengths e' lo, d. u, c' c, cL-., and thron;d) the puiuis thus obtained 
tho plan is tt) bo drawn. 

Fig. 78 shows tho moili! of project ing a circle when its sur¬ 
face is at 3()“ to the horizontal, and one of its dianiotors at to® 
to thu vertical plane. i’kioo A U nt 45® to tho intor-soctiug 
lino, and on it construct the plan by inohsnroinent fborn Pig. 77. 
This is best done by drawing a line, o c, at riglit angles to tho 
diameter, a n, and on each side of tho interscelion marking off 
tho distances e, «, d, d. By drawing linos through these pointa 
at right anglua to a b, and making them the s,ame length as in 
the plan of Fig. 77, the points for the proaeut figure will bo 
obtained. From those points in the plan draw norpendioulars, 
and from tho iioints correspondingly lottcfcd in tlio elevation of 
Pig. 77 draw horizontals, and tho intersections will give the 
points thi’ough which the projection of tho circle ie to be dtawn. 


MINERAL COMMERCIAL PROpTTCTS.—V. 

CAtiCABEOIJS* SUBSTANCES. 4 

The metal calcium very readily oxidises and forms ]im% which i 
ea.sily enters into combination with carbonic acid, fonnlngbar- 
bonato of lime (the base of limestone, chalk, marble, and 
oaic-spor), and witli sulphuric acid and wafer to form gypsum. 
Carbonate of lime iii its various forms is a most abundaiit sub- 
stonco, aud of the most extensive use, whether in its iiatiye 
oondition us stone for building, paving, statuary, and smelting, 
or in its preparations—mortars and cements, in glass-making, 
leather-dressing, bleaching^agrionltnre, and medicine. 

Common limestone is found in almost every geological forma¬ 
tion ; compact and often crystalline in tbo older 'rooks, but 
generally loose and more earthy in the newer. It is abundant 
in nearly all oountries, in varying qualities and degrees of 
adaptation to its numerous uses. In England it ohje% occurs 
in tho rooks of the Devonian and Carboniferous sories-r-moun- 
tain limostono especially—and in the Liiissio and Oolitic sys¬ 
tems. Tho dolomite or magnesian limostono belongs to. the 
.Permian group of rooks. The best kinds of limestones fox- 
building aro those of Portland, Bath, Box, and Cox-sham, all of 
'which aro Oolitio, and the magnesianJhmeatoixe of Notts add 
Yorkshire. The oolite of Bavaria fntnxslioB a very fine litho¬ 
graphic stone; tiiese stones aro also supplied from older rooks 
hx Canada, and from Franco, Greece, and Portngal. 

Of ornamental limostonea, those of South Devon are exten¬ 
sively worked. Some interesting variqtios of the red, grey, and 
variegated marbles called) SM obtained near Torquay. 
Dtsuy blocks aro almost' entirely formed of fossil qorala, and 


That is, Iia-.-iu,' the nature of Ukoatoua. 
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kiuwa H madrMortf marblsfl. The CarboniferoaB roolu of 
BatbjrsUita'ue rm in onuunentol liine«toneB,the obief vAxietiaa 
of wUcih we tbe etitraehai or mcrinital inarUa, jm><iuc<at 
marble, and blade marble. The former of the ilrat two ia bnilt 
up of the stony frogmoute of itone'liliea (EntriniteB), whilst 
the latter is oomposed almost entirelT of ^elh of the genna 
Praiaeta, Other marbles of a like oLiraoter ore obtain^ in 
StoSordshire, Somersetshire, and Ireland. The Forbeok and 
Fetworth marbles ore limei^nes charged with the fossil shall 
Paludina, and hence ore sometimes called poladinol marbles; 
they belong to the Furbeck and Weeiden series respectively, and 
were fomorly used extensively in eoolesiostical arohitectare. 

The true marbles are altered limestones or dolomites. Tho 
finest is tho pare white or statnory marble; others ore red or 
yellow in uolonr, and ottbor pure or streaked. They are firm in 
textnre, finely grained, and susceptible of a bfaulii'ul polish; 
kunce their use for ornamental purposes. Italy is ]irc-oininoutly 
a marble-producing country, and has of late years produced an 
average of 250,UOU tons per annum of statuary marble. Tho 
‘best white marble is now obtained from Carrara, quarried in 
the Apouuiuus where they apiiroach tho Mediterranean. India,- 
Siiily, Spain, Ireland, tho United tltatcs, and other oouniries 
also furnish it. 

Coral lini.r,stone belongs to this group of mineral products. 
It is a recent formation, and the rock is somotimoa used as a 
building stone in the tioutU Sea Ishinds. Croat nniubcrs of 
these inlands, os well as numerous others in the Indian Oeean, 
are tboiusulvus natural coral structui'Os^ Coral reefs are abuu- 
diuit in tropical sens luid the North Atlantic and Pacific Oceans. 

*Mad, a mixture of clay with carbonate of lime, cccura ns 
clay-marl, marl-clay, and shell-marl. It is procured from 
valleys which have funned the beds of lakes, atid from tbe 
uoiglibuui’hood of existing lakes, and is nseful as a maniu'c. 
Calcareous sand, forrafsl ehiofly of crushed shells, and found ou 
ancient and modern beaclics, is also used in agriculture. Of 
such sand, 8,000,000 cubic feet arc annually removed from tho 
Cornish coast into tho interior. The shelly deposits of the Crag 
formations, in the east of England, are similarly used. 

Oyi'nain is a very volnablo mineral, oonarritig chiefly in the 
New Rffd Sandstone and in Tertiary deposits, but also among 
earlier rocks, it is abnndant in England, Ireland, France, 
Canada, N^va Scotia, and in many other places. Gypsum forms 
the plaster of Paris, of such utility in bnjhlitig and modelling; 
cnystallistid, it is met with in seleniU, Batin gijimein, and ala¬ 
baster. Tho use of this last, for statuary and oruaniontal work, 
dates from the remotest times of Etruscan art. Statuary ala- 
<bnster is obtained from the Miocene and Pliocoiiu strata in 
Ibsoany and in Egypt. 

Limes, stocoocs, and oement, so indispensable in all building 
operations, are obtained from vaidous carbonates. Pnro cur- 
b(^tes make rich limes, which are such os set only in dry air j 
♦impure ones (with mixtures of olay) yield hydranlio limes, which 
possess the valuable property of sotting in moist air, and even 
under water. Tbe septaria or calcareous nodules in London 
clay, at iJhappey, those prooured at Harwich, the cement stones 
of the Lias at Whitby, and of tiio Speeton Clay of Yorkshire, 
the Lower Lias LimesWe, etc., forniah snitablo limestone for 
hydranlio cements. 

8ILIOIOUS SUBSTAUrCliS. 

Another very important mineral substanoe is silica, wbiph is 
a bombiuatio& of oxygen with tho metalloid silicium or silicon. 
Tho purest examplee of silica are rook-ciystal, quatjis, and flint. 
^The oolonrloBS crystals, ospeoiaUy the so-called Brazilian 
) pebble, are.jmach used for lenses. Quartz, wbiob, crystallised, 
oonitftutes several of tbe gems, is On important oonstituent of 
granltio xoilks; and^ in tho form of sand, it is the principal 
d^redimt in all riandstonos. Qnartz, well powdered, is oom- 
;»ined with fine ols/s in the manufacture of >pcroe]ain is China, 
m flint, is also in oonntry. Flints ore irregnlor mosses of 
'neariy jrare silioa, qponrriug in nodules distributed in layers, in 
t'the Ch^ formation espeoiolly. Hednoed to powder, they enter 
'v|into i^e eomposition of china, porcelain, c^ed glsee; and, whole, 
• they farsish a rongh building material. 

Sandstones ore of Te» vorions compositipn and of different 
degt^ of bordses*. They ponsist of silioioas sands, often 
missd witii o&er tihs&noesi fdl oomented together, by teesas 
of carbonate of lime, oxide of iron, silica, or cloy. They are ^ 
all geoleglcftl the oldest boltig nsua ly the ro<»t eompaet. 


When hard and ooarie-grained they are denominated grite. If 
pebblee very largely predominate, they are called conglome¬ 
rates, and these ore either pudding stones with ipunded pebbles, . 
or broeoia with angular fro^enta. Tho extremely hard and 
Bobistose grits are very uSnul for flag-paving. Tbe best' 
qnalitieB of thess ore snpi^ted from Forfarshire and Caithness. 
Millstones are obtojned team tho Millstone Grit of Newcastle, 
from Torkehire, Belginm, Franco (especially at La Ferte), and 
Wurtemburg. They ore also mode from a silidous limestone 
near Fsiis, and oat of lava at Andemaoh. Fqr building pnr- 
poses, tho finest sandstone is quarried at Craigleith and other 
localities in the Carboniferons formations of IScotland. Good 
stone is obtained from rocks of the same age in Barham, York¬ 
shire, Derbyshire, oto., and from Queen’s County and other 
parts of Ireland. 

SUioious sands arc much in request in tho arts, os in building' 
fur mortars, in luonkling and casting, and in gJass-mnkiiig. 
Tlje most valurblo for the last-named purpose are proemod 
from Sonlis in Fmnoe, from tho Isle of W'ight, Lynn Begis, 
Aylesbury, and Heigate. ftottenslm'', found in Derbyshire and 
elsewburc, is a decomposed silicione iiinestone, and is used for 
pclisliiiig. Bath brink, Tripoli powder, the polishing powder 
from Bilin, in Bohemia, the Perij-mefd of Sweden and America, 
and the French teUunne, arc peculiar mealy forms of silica. ‘ 

IONEOU8 AND METAMOBPHIC BOCKS. 

Granites, and llmir allied rocks, gneiss, mica-schist, and fel- 
stones, consist largely of silica, 'i'hoir chief mineral consti¬ 
tuents are qunitz, felspar, and mica (white, green, or block). 
Felspar is a silicate of alumina and potash, or, in tho cose of 
albile, tho white felspar of Cornish granite, of alumina and 
soda. Mica is a silicate of lime and eJnmiiia or iron. Where j 
hornblende, a dark-green silicate of lime and mavneeia, has' 
taken tho place of mica, tlio stone ia called spenite. These 
rocks assume a structure termed porpbyritic—tliat they are 

curapo.sed of crystals embedded in au amuri>hons matrix--and 
arc highly valued for ornamental purimscs. These latter, and 
white granite, are obtained from Cornwall and Devon, rod and 
grey granites from Aberdeen and Feterhoadi and a very bard 
and dark variety from Guomsoy, tho Malvern Hills, and Leices¬ 
tershire. Granitic rooks ore abundant in many parts of tbe 
world, Ireland, Norway and Sweden, India, and China among 
others; and Egypt is fumed for its syenite and rod porphyiitio 
felstone. They furnish a durable and highly polishable building 
material, particularly well suited for bridges, quays, and monu¬ 
mental works. The coloured variotios are eminently adajitod 
for ornamental purposes. Mica is often found in largo crystals, 
which can be split up into plates and used as glass, lliis is 
the material known as {Siberian glass, from tho country whence 
it is supplied. JTalc is a similar mineral, and is employed in the 
porcelain and crayon manufactures : it forms, besides, the Frenoh 
obalk. Asbestos is a fibrous variety of hornblende. It can be 
woven into a fire-proof cloth, and is oJaC made available in open 
gas stoves. 


PEINCIPLES OF DESIGN.—XL 

By Chbis'ioi'ueb Dsesseb, Fh.D., F.L.S., etc. 

EOTPTIAN OBNAMBNT—aUEDK OISNAMENT—EARLY CHBISTIAS 
SYHBOLISM. 

In my former article I observed that ornamental forms in 
many cases make utterance of Irnths which are so far hidden 
as to bo imperceptible to the untutored, and this utterance was 
illustrated by reference to the Egyptian lotus, which spoke to 
those for whom it was iutendod of coming plenty, and thus 
became first looked for with pleasure, then ^ revoreueed, and 
finally worshipped as the abode or personification of a (Jbd. 

Egyptian ornament is so full of forms whjoh have interesting 
signiduanoe that I cannot forbear giving one or two other illus¬ 
trations i and of this 1 am sure, that not only does a knowledge 
of the inteution of oooh form employed m a decorative scheme 
cause the beholder to reoeive a special amount of pleasure when 
viewing it, but also that without such knowledge no one can 
tidily' judge of the nature of any ornamental work. 

There is a d^oe in Egyptian omomout which tbe most 
casual observer cannot have MM to notioei it is 'wliat is termed 
the “wi'ftgL'd globe,” and ocusiets of a small ball or globe, imiUas 
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diately at tbn uideB of whiob ore two asps, and from which Mnsenm libraiy*, where eeveral interesting works on Egyptian 
extend two wings, eant^wing being in le^h abont five to eight ornament may be seen; from the “ Otunmar c| Omajnent" by 
timeBthataf.^diEunOTarof theball(Fig. 2). The drawing of Mr. Owen Jones, the works on Egypt by Sir Qar^er Wilkinson; 
this device is vsgy grand. The force wi& which the wings are and, especially, by a viBit>to the Egyptian Oonrt ef the Crystal 



deliaeated 'well represents the powerful character of the pro- Palace at Sydenham, and by a careful perusal of the hand-book 
teeiian which the kingdom of Egypt afforded, and which was to that conrt.t Much might also be said respecting Egyptian 
symbolised by the extended and overshadowing pinions. orohitoctnre, but on tliis we can say little ; yet, as the columns 

I know of few instances in whlcb forma of an ornamental of the temples arc of a very ornamental character, we may 


character have been com¬ 
bined in a manner either 
more quaint or more 
interesting than in the 
example before us. The 
composition presents a 
oharm which few orna¬ 
ments do, and is worthy 
of oarefnl consideration. 
Bat this ornament derives 
a very special and nnnsaal 
inter^ when we consider 
its pnrpose, the blow 
which was once aimed at 
it, and the shook which its 
perpetnators must have 
<,received, upon finding it 
powerless to act as they 
had taught, if not be¬ 
lieved, it would. 

The priesthood in- 
stmoted the people that 
tiiis was tbo' symbol of 
protection, and that it so 
offeotnally appealed to the 
preserving spirits that no 
evil conld outer whore it 
was portrayed. With the 
view of giving a soenro 
protection to the inmates 
of Egyptian dwellings, 
this device, or symbol of 
protection, was ordered to 
be placed on the lintel 
(the post over the door) of 
every house of the Egyp¬ 
tians, whether residonoo 
or temple. 

It was to nullify this 
symbol, and to show the 
Tidn oharaoter of the 
Egyptian gods, that Moses 
was oommanded to havo 
the blood, of the lamb 
slua at the passover, 
placed upon the lintel, in 
the very position of this 
winged globe. It was 
also eojoteed aa a further 
duty, that the blood be 
sprinkled on the door¬ 
post : bnt this was merely 
a itew duty, tending 
further to show that even 



notioe that in moat oases 
they are formed of a 
bundle of papyrus stems 
bound together by thongs 
or straps—the hoods of 
the plant forming t)io 
capital of tho oolnmn. 
Olid the stems the shaft 
(Fig. 3). In some cases 
the lotus was substitutod 
for tho papyrus,! hi 
other instanoes tho palm 
leaf; these modifications 
can bo seen in tho Egyp¬ 
tian Court at Sydonhafii 
with great advantage, 
and many varioties of 
form, resulting from the 
nso of tho ono plant, as of 
tho papyrus, may also bo 
observed. 

Wo havo hero an op¬ 
portunity of noticing how 
tho mode of building, how¬ 
ever simple or primitive 
in oharaoter, first em¬ 
ployed by a ration may 
bouome embodied in its 
ultimate arohiteoturs; 
for, undoubtedly, the rude 
housoa first ereotod in 
Egypt were formed largely 
of bundles of the papyrus, 
which were gathered from 
tho river side—^for wood 
was rare in Egypt—and, 
ultimately, when baildings ** 
were formed of Stone, an 
attempt was made at imi¬ 
tating in the new mate¬ 
rial the form which tiie 
old reeds presented. But 
mark, the imitation was 
no gross copy of tho 
oiigi^ work, Wt a wall- 
coi^dered and perfectly 
ideoJised work, having 
the tme arohiteokntal 
qualities of a noble-look¬ 
ing and nstibl oolnnm. 

* Any patMn eon hav# 
admlieiott' to the Bontb 
Xeastagton Mnsenni Art 


in poeition ns well as in 


libnuty and Its SduoatioBal 


nature this winged globe 
TMs device, then, is of s 
ornament, and as throwing 
Besides the two omame' 
and tho winged idobe, we n 

liiteiMt, but onr Bpaee will not enaUa ua to do so ■ tiurthar iU' 
fomutbu m»;-, however, b* got Inm 'fltt Sestit Eensinfton 


Ubetry, for a week, hj payment of tixpenoe. 

t A hand-book to ea^ of the hlstotio oodztaereeted intheBydenham 
Patioe waa prepitrad at the time the oourte ware huUt. These an still 
to be got in the Uteiary dapurtment, In the north-esst gaUery of the 
boUding. IRiey ate all worthy of oaietol study. 

t The papyrus was tiM plnrt (nm whiebEOTtlaa paper wee made. 
It was able tike bahmtb ai tiM Ber^tuiMp the tidhat Keaei 

I «M found. 
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We must now pass from the ornament of the 
Egyptians to that of the Qreeks, and here 
we meet with decorative forms having a 
different object and different aim from those 
already oOniidered. 

Egyptian ornament was symbolical in 
chaeacter. Its individnal forms had specifio 
meanings—the purport of eooh shape being 
taught by the priests—but wo find no such 
thing as symbolism in Greek decoration. 
The Chreeks were a refined people, who 
Honght not to express their power by their 
works so much as their refinement. Seforo 
the mental eye they always had a perfect 
ideal, and. tlieir most earnest efforts wore 
mode at the realisation of the perfections 
of the mental conception of absolute refine¬ 
ment, In one respect the Greeks resembled 
the Egyptians, for they rarely created new 
forms. When once a form beeanio sacred 
to the Egyptians, it could not ho altered ; 
but with the Greeks, while liound by no 
law, the love of old forms was great; yet 
the Greeks did not seek simply to ropro- 
dnoo wbat they had before created, for they 



Athens* (Fig. S), The idea presented by 
this oolumu is that un an energetic upward 
growth which has come in contact with 
some super-imposed mass, the weight of 
whioh presses upon the column from above, 
while the energy of the upward growth of 
the oolumn causes it to appear Mly equal 
to the task of supporting the superincum¬ 
bent struotaro. Mark tiiis—that by pres¬ 
sure from above, or weight, the shaft of the 
oolumu is distended, or bent out, about one- 
third of the distance from its base to its 
apex (just where this distension wonld oecur, 
wore the oolumn formed of a slightly plastic 
material), and yet this distension of the 
shaft is not such as to give any idea of 
weakness, for the oolumn appears to rise 
with the energy of such vigorous life, os to 
bo more than able to bear tiie weight which 
it has to sustain. 

Mark also the singularly delicate curve of 
the capital of the oolumu, which appears as a 
slightly plastic cushion intervening between 
the shaft and the supermenmbont mass which 
it has to support. The dolioooy and refine- 



laboured hard to improve and refine wliat they hod 
before done, and even through suoceeding oonturies 
. they worked at the refinement of simple forms 
and ornamental compositions, whioh have become 
ebaraoteristio of them as a people. 

The general expression of Greek art is that of 
refinement, and the manner in which the dolioatoly 
cultivated taste of some of the Greeks is expressed 
by their ornaments ia perfectly astouiahing. One 
decorative device, whioh we term the Greek 
Anthemion, may be regarded as their principal 
ornament—(the original ornamental oomposition 
by one of my pnpils, Fig.-4, oonsiats primarily of 
three anthemions)—and the variety of refined forms 
in whioh it appears is most interesting. 

But it mnst not be thought that the Greek 
omamonts and arohiteotnral forma present nothing 
but refinement made manifest in form, for this is 
not the ease. Ghreat os ia the refinement of some of 
theae forms, we yet notice that they speak of more 
than the perfected taste of their pr^noera, for they 
reveal to os this faot>-4hat tiieir creators had 
great knowledge of natoral forces and the laws by 
which natn^ forces arc governed. This becomes 
apparent in a marked degree when we inquire- 
jnto the manner in whi<^ they arranged the 
' proportion of the varions parts of their works 
to the whole, and espeoially by a oonsideration of 
the subtle natnre of the onrves whioh they em¬ 
ployed both in arohiteotnra] members and in dooo- 
rative forms; bnt into this matter we must not 
enter. Yet, by way iff throwing' some faint light 
upon the mamwr ia whioh knowledge is em- 
bedisd in Gnsk forms, I nay rsfsr to ths Doric 
mliutn, •nob m wm emplayad b tlm Futhsson at 
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mont of form presented by this capital is perhaps 
greater than that of any other with which we are 
acquainted. 

The same principle of life and energy ooming in 
contact with resistance or pressure from above ia 
constantly mot with in the enriohmonts of Greek 
oomiooa and mouldings; but having called attention 
to the foot, I must leave the student to observe and 
think upon these interesting facts for himself. Let 
me, however, say that there are few olassio build¬ 
ings in England which will aid the learner in his 
researohea ; there ia now but little poetiy in arohi- 
tectural buildings, and but Uttle refinement in the 
forms of the parts : and, added to this, Greek art 
without Greek colouring is dead, being almost as 
the marble statue to the living form. For the 
purposoa of my‘readers, the Greek Court at the 
Crystal Palaoo ■wili bo the beat example for 
study. 

I might now review Boman ornament, and show 
that in the hour of pride the materials of which 
the works were formed were considered, rather 
timn the shapes whioh they assumed; and how we 
thus get littie worthy of praise from the all-con¬ 
quering Bomans—^how the sunny climate and 
religions superstitions of the East oalled forth the 
gorgeous and beautiful developments of art which 
^ve existed, or still exist, >rith th« Porsiana, 
Indiana, Turks, Moors, Chinese, and Japanese; but 


* A oapitol and portioa of tho shaft of one of thsac 
eolomns an to be seen in tha British Unssum Bculp- 
ture-room, and a oast of the sauM at tin Orystal Tahws, 
Sydanham. Thla J}orio eoTuwn is oaployad ia tha 
OxHk Conrt of tiu OiysW ViIms. 
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I have not Space to doj^p; yet all the forms of ornamont whioh 
those peoples havo crea^d ore srorthy of the most oarefal and 
exhaustive consideration, as they present art-qualities of the 
higfhest kind. 1 knoer of no oruattiont more intidcately beauti¬ 
ful and minted than the Persian—no geometrioal strapwork, or 
syetems of Interlacing' lines, su rich os those of the Moors (the 
Alhambraiu)—^no fabrics so gorgeous as tliose of India—none so 
quaintly harmonious os those of China; and Japan can supply 
the world with the most beautiful dotnoatio artioles that we oah 
anywhere procure. 

We must pass on, however, to what wo may term ChiisMan 
art, or that devolopmont of ornamont which had its rise trith 
tho Christian religion, and has assooiatod itsolf in a speoial 
manner with Christianity. 

Neither tho Egrptinnh nor early Creeks appear to have used 
the arch sti’Ucturally in their bnildings; theBomaus,howovor,had 
tho round arch as a primary olomout in the construction of 'their 
edifluos. 'Iliis round aroh was also used by the Byzantiues, and 
amongst thoii- ornaments wo find those combinations of circles 
and parts of cirnlcs, wtiich wo find so constantly recurring in 
intor times in Gothic architecture and Gothic ornament, ^ormau 
buildings, again, show us the round aroh, and prosent ns with 
such in'torsooted arcs as would naturally suggest the pointed arch 
of later times, with which came the full devolopmont of Gothic 
or Christian architecturo and ornamentation. There was a 
very fine and marvellously clovor development of decorative 
art, onthuaiastioally worked at by tho Christian monks of tho 
seventh and eighth centuries, called Celtic, of which we have 
many very beautiful oxamplo.s in Professor Westwood’s great 
work on early illuminated manuscripts; but what is generally 
understood by Christian or Gothic art hud its finest dovolopment 
about the thirteenth ooutury. 

Gothic ornament, like the Egyptian, is essentially symbolic. 
Its forms have in many instances spooific bignifioauoo, 'nius 
tho common equilateral triangle is in some oasos used to 
symbolise the Holy Trinity; so are tho two oiitwinod triangles. 
Bui there are many other symbols employed in Gothic orna¬ 
ment which set forth the mystery of the Unity of tho Trinity. 
Thus in Fig. 6 we have throe iiitorlacod circles,'which boanti- 
fully express tho etornnl Unity of tho Trinity, for tho circle alone 
symbolises eternity, being without beginning and without end, 
and tho three iiarts point to tho Three Persons of tho Godhead. 
A very curious and olcvor symbol of tho Trinity is portrayed in 
Fig. 7, whore three faces are so combined ns to form an oruu- 
mental figure. 

Baptism nndor tho immediate sanction of tho Uivino Trinity 
was represoutod by Uireo fishes placed together in tho manner 
of a triangle (Fig. 8); but so uumuTons were Christian symbols 
after the ninth century, that to enumerate thorn merely would 
occupy much space. Every trefoil symbolised tho Holy Trinity, 
every quatrefoil tho four ovangolists, every cross Ae Cruci¬ 
fixion, or tile martyrdom of some saint. And into Gl|^c 
ornamcnt.'viiou tUo chalice, tho crown of thorns, the dice, tho 
sop, the hammer and noils, tho flagellum, and otl^r symbols 
of our Lord’s passion, have entered. But, besides those, we 
have more purely arohitcotural forms making gentle utterance: 
tho ohuroh spire points heavonwards, and the long lines of tho 
elustored coltuuns direct the thoughts upwards to heaven and 
to Ghid. 

Gothic ornamont, having passed from its purity towards 
undue elaboration, bognu to lose its hold on tlie people for 
whom it was created, and the form of religion with which it 
hod long,boon associated had become old, when tho groat 
overthrow of old traditions and usages oocurred, oommonly 
callod the Beformation. With the reformation of religion oame 
a revival of classic learning, and a general diffusion of kuow- 
lodgi-, and thus the immediate neoessity for art symbols was 
passiug away, it being aspeoially to an unlettered people that 
an extended system of symbolism appeals. With this re-vival of 
cla-ssio learning oarae tho investigation cf olsssio remains—the 
exploration td Greek and Boman mins; and while this was 
going on, a dislike to whatever had been associated with the old 
'form of redgjon had sprang up, which dislike tamed to hate as 
the struggle advanced, till the feeling against Gothic arohiiecture 
^d eruament became so strong, that anything waa preferred to 
it. Now arose Benaissaneb architeotnre and ornament j^ival 
Work), which was based on tho Boman rentains, hut was yet re- 
inoolded or formed arow ; m that tho omameBt of tlie Benais- 


sanoe is not Boman ornament, but a new deootatifO sohemo, 
somewhat of tho same genus as that of the Boman. Here, 
howe-ver, all my sympathies end. 1 oonfeaa that all BenaisSanoe 
ommnsnt, whether developed under tho soft sky of Italy 
(Italian ornament), in more northerly France (French Eenaig- 
Sanoe), or on our own soil (Elizabethan, or English Eenaissanoe), 
fails to awaken any feeling of sympathy in my breast; and Aat 
it, on the contrary, chills and repels me. I enjoy tho power aud 
vigour of Egyptian ornament, tho refinement of the Greek, the 
gorgeouauoHS of tho Alkambraic, tho richness of the Persian and 
Indian, tho Kimple honesty and boldness of theGothio; but with 
the ooarso Assyrian, 'the haughty Boman, and the cold Benais- 
sance, I have no kindred feeling, no sympathy. Ihey strike 
notes which have no chords in my nature; hence from thorn t 
inatinutively fly. 1 must bn pardoned for this my feeling by 
those who differ from mo in judgment, but my continued 
studies of these stylos ouly separate mo lurtlier from them in 
fooling. 

It will bo said that in my writings I mingle 'together orna¬ 
ment and arcliitoctnre, and that my sphere is ornament, hnd 
not building. I cannot separate tho two. Tho material at 
command, tho religion of tho jwople, nn'l tho climate, have, to a 
great extent, dotormined tho character of the architecture of 
all ages and nations ; but they have, to tho same extent, deter¬ 
mined tho nature of tho ornamentation of the odifieos raised. 
Ornament olways has arisen out of architecture, or been a 
mere reflex of tho art-principles of the building docorateJ. We 
carmot rightly consider ornamont without architecture; hut 
I will promise to take no further notice of nrehitooture than 
is absolutely necessary to the proper understanding of our 
subject. 


VEGETABLE COMMERCIAL PRODUCTS.-IIT. 

WiiNTB VIELDINO SnOES AND CONDIMENTS (cotltitlUcd). 

Ai.i.hitck, 1’imento, OB Jamaica Peppeb {Eurienia Vimciilo, 
Do C.aiid'dlo; natural order, Jlfi/riaccir).—This plant is callod all- 
sjiice because it has tho combined flavour of all tho othor spioos 
—that of (tinnamon, cloves, atid nutmegs uutering into its com¬ 
position. Tho unripe berries of tliis plant, dried in the sun, form 
the allspipo. The plaut itself is a handsome evorgaeo]i, with a 
straight trunk about thirty foot high, covered with a smootli, 
grey bark. Its loaves are opposite, short-potioled, elliptical, 
smooth, and pellucid-dotted, abounding iu an essential oil, to 
which tho pimento owes its aromatic properties. The flowers 
are groonish-white, and the fruit is a smooth, shining, snocniont 
berry, black when ripo, and oontaiuiug two uniform seeds, the 
flavour of which resides within the shell. 

Tho allspioo is a native of tho West Indies, whore it is oulti- 
vatod—partiouiarly in Jamaica, in the hillyparts of Oie oountry 
—in plantations, having broad walks between the trees, callod 
” pimento walks.” It begins to bear fruit whoq throe years of 
ago, and arrives at maturity in seven years. Nothing caS be 
more fragrant than tho odour of tlio pimento trees, especially 
when in bloom ; even the loaf omits a fine aromatic odour when 
bruised. 

The berries are collected before they are ripe, at wnich time 
*tho essential oil, to which they owe their pungency, is most 
abundant. They are spread out, exposed to the sun, and often 
turned. In about a week they have lost them groe'u colour, and 
have acquired that reddish-brown tint which renders 'them 
amrkotable; they ore then paokod in bags and casks for expor- 
Itation. Id^on dried, tho berries are rather larger than a 
pepporoom. Some plantations kiln-dry them, whiob expedites 
>tho process very considerably. 

The consumption of allspice in this oountry Is very great, os 
it is both cheap and useful; 22,060 bags, weighing 1,022 tons, 
were imported into Liverpool and London in 18S0, and about 
one-fifth of that quantity was re-oxported. Thm spice Is gaed 
as a eondiment, and its oil, like t^t of olo'res, is. employed 
las a remedy for tyotl^lie. 

TjHhpiB (Piper nigrum, L.; natural order, Piperagtm ).—^Ihis 
is a mihiblng -^o, with altermte, ovate, acuminate, dark-green 
leaves, five tp seran-nerved beneath, and small inoonspieuons 
; flowers, in long, slender, drooping epikos, which sr^ opposite. 
Its imit is a round, saisila, one-oelled berry, first green, then 
'TP.l, and finally black. 
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The pepper Tine ie indigenong to the Bait Indiea, and ia ex- 
teneiTely otdtivated in Sumatra, Jara, and on the Malabar 
ooaeti A little pepper ig algo grown in the MaoritioB and in the 
Weet India iglanda. 

■ The berries, which rosemblo those of our holly in sigo and 
oolonr, are gathered as soon as they begin to redden; for if 
allowed to ripen fully, they lose their pungenoy. They are 
dried in the sun, atid tliey become wrinkled and black on the 
outside. In this state they ore known as black pepper, '^hich 
ig the most powerful variety. 

White and black pepper are produced by the same plant. 
This difference in oolonr is only the result of a difforoneo in the 
preparation of the berries. To obtain white pepper the berries 
ore allowed to ripen, then dried and soaked in water, and the 
softened black outer coat is removed by rubbing. Tlio internal 
seed is of a whitish-grey oolonr, and, when dried, forms white 
pepper. 

Popper ia a warm carminative stimulant, which is added to 
food principally for t })0 object of oorrecting tlie flatulent and 
griping obaraeter of certain articles of diet—peas and beans, for 
instance. Boili varieties of black and white pepper are somo- 
timcB used whole in soaps and picklos, bnt they are mostly 
ground in a mill, and sold in the form of a powder. 

Tho {juantity of pepper annually imported into the United 
Kingdom is immense. About 6,523 tuns of tho dried unripe 
black berries and white ripened Hoods of the popper plant 
reached this country from the East Indies in 1806, chiefly 
from Sumatra and Java, and also from Malacca, Siam, and 
SiugapoTO. 

Tho pepper vine is strictly tro]>ical, bnt it will grow freely 
from cnttiiigR wherever tho soil and climate are suitable. It is 
allowed to climb props from ten to thirtocn foot in height. 
Thoso props root freely, the tree from which they are cut being 
Eieloctcd with that object in view. Tlio prop.s thus afford both 
shndo ami support to thn piniits. Great caro ia nBcesaary in 
the manM.gcuiciit of tho vine, ospccially in training and tying it 
to the props. An acre of pepper vines affords on average 
annual yield of 1,161 lb. of clean jieppor. 

IjOKu PEi'Viiii (IhjCr Umijum, L.; natural order, Fip«raee<s). 
—nil'! Hpmics, which is wholly Jifforont from tho black popper, 
14 found wd I in India, and Ls cultivated in Bengal. The long 
pepper Consists of tho fruit catkins of the plant dried in the 
Him. Ltiiig popper is expensive, and therefore not much used 
citUci as a cotMlimcut or a uindicino. 

CAyiSNKii PiiyrETi (fn.jisinmi avnvmi, L.; natural order, 
Solujiaccie).—Cayenne or rod popper ia not tho produce of a 
pepper plant, hnt of one belonging to a totally different natural 
. order. It is prepared I'r nu the large, red, inflated, pod-liko 
• berries of tho capsicum, dried and reduced to powder. 

Tho capsicum is a native of tho Ea.st and West Indies, but 
cultivated in England, where it can bo grown with a very little 
enre. There are nnmorous speoios of capsicum, named after 
the form and colour of tho pod, which vanes considerably. 
All arc, however, included under tho gcnoral Mexican name of 
“ ohUUos.” 

In trojneal countries chillies are used in groat quantities, the 
consumption os a condiment being almost nnivcrsal, and nearly 
equal to that of salt. In India they arc tho principal ingredients 
in oil curries, and form the only seasoning which the millions 
of tho poor of that country can obtain to oat with their insipid 
rioo. llio natives of tho tropics can oat and relish thorn raw, 
which cannot bo done Viy strangers from tomperato climates 
Witiiont suffering, the pnngent and acrid action of the chillies 
affecting tlio mouth and throat. 

C^pslonms or ohillios are irapettod into this country in the 
form of red and brown pods, which aro brokon, dried, and 
packed in bales, weighing owt., principally for making red 
pepper. Different varieties arc cultivated for pickles, and arc 
imported in the pickled state in vinegar from &e East Indies. 
The annual imports from the East and West ladies ate from 80 
' to 100 tons. 

, Capsionms ore useful in cases of putrid soca throat, in maflg- 
‘ nant_ scarlet fever, as a powerful britsnt to be applied in the 
condition ot a saturated Infusion externally, so as to draw the 
intenial inflammation to iSie surface, and thus relieve the throat. 

CUWOEK (Ziojribsr ti^cirtals, Roscoe; natural order, Zinpi- 
tierSB^.^^^his. is an. elegant, reed^Uke, txtmieal plant, which 
rises Item a Creeping rhkeme or underground stem. The a4^1 


stem is formed by the oohering bases of the leaves, which aro 
alternate, lanceolate, and idieathing, tho nervurcs diverging 
from the mid-ribs. The flower-stem springs frou) the rhixome. 
The dark-purplo flowers are arranged in spikes. 

The ginger-plant is a native of the East and West luulcs, and 
is now cultivated generally in hot climates. Tho ginger of 
commerce is tho dry, wrinkled rhizomes of tho plant, which are 
called “races,” and are usually from two to three inches in 
length, branched, fiat, and white in colour. Sometimes tho root f 
ia dug up when a your old, scalded to prevent germination, and ; 
then dried. So prepared, it is called “ black ginger,” although 
this term is very erroneous, as the darkest ginger is only a dirty 
stone odour. Again, tho best pieces aro sulectod, tho outer 
skin ia scraped off before tho giiic^r is dried, and the pieces, 
bleached witli chloride of lime, constitute what is known in the , 
market as “ white ginger." lliis bleaching process renders tho 
ginger beautifully smooth, but ocrtuinly doos not improve its 
quality. Lastly, the races, newly formed in spring, are cut off, 
and boiled in syrnp ; and tho ginger, so treat^, is imported in 
jars under tho name of preserved ginger, forming a well-known , 
sweetmeat. 

Tho varieties of ginger recognised in commerce ore tho 
Jamaica white ginger, and the Jamaica and Malabar black 
gingers; also the black varieties, or tho Bavbadoos, African, 
and Ea.st Indian gingers. Jamaica ginger is considered to be < 
tho best. Tho amount of ginger annually imported into the 
United Kingdom is nbont 7no tuns. The principal use of this ’ 
spice is as a condiment. Mcdimnally, it is an cxccllont sto- ' 
maehio, removing flatulence and griping pains. When used in ■ 
thn form of a poultice, it forms a good rubefacient or oounter- i 
irritant. 

VANIM.A (Vavilla aromaHca, Swammerdam; natural order, 
Orehidactcc ).—Tlio vanilla is an epiphyte, or air-plant, with a 
trailing stem, not unlike tho common ivy, which attaches itself to 
trees not as a source of food, like the mistletoe and other parasites, 
but ns a mere point of support, deriving its nourishment entirely 
from the atmosphere. It grows from eighteen to twenty feet in 
length. Tho flowers arc greenish-yellow mixed with white, and 
those aro followed by a long slonder pod, tho fragrance of which i 
is owing to tho presence of benzoic acid, ciystals of which form 
upon tho pod if left undisturbed. This is, perhaps, tho most 
important genus of the whole orohidacoons family, and tlio only 
one which possesses any niarkod economic value. It grows in 
thn tropical parts of Sunth America, in the Brazils, Pom, on tho 
banks of the Orinoco, and in all places where heat, moisture, 
and shade prevail. 

Tho pods or fruit of tho vanilla are sub-cylindrical, obout 
eight inches long, ouo-ccllcd, and pulpy within, filled through¬ 
out their entire length with very minute black oily seeds, 
having tho appearance of a blr^k paste. 

Tho fi'Uowing is a good account of tho method used in pre¬ 
paring vanilla for market—“ When about l{l,o00 of tho pods 
are coUoctod, they are slrhflg like a garland by their lower 
ends, os near as possible t« their foot-stalks; tho whole are 
plnngod for an instant into boiling water to blancli thorn ; they 
ai’c then hung up in tho open air, and exposed to the sun for a 
few hoars.' Next day tlioy are lightly smeared with oil, by 
moans of a foatlior or the fingcr^^ and surrounded with oiled 
lotton to prevent the valves from opening. As they become 
dry on inverting their upper end, they discliargc a viscid liquor 
from it, and they ore pressed several times witli oiled fingers to 
promote its flow. Tho dry fiods'loso their appearance, grow 
brown, wrinkled, and soft, and shrink into one-fourth oi their 
original size, lit this state they are touched a second time 
with oil, bnt only very simringly, bemuse, if oiled boo muc^, 
they would lose a great deal of their delicious perfume. They 
are then packed for the market in small bundles of 50 to 100 in 
each, enclosed in load-foil or light metallic cases."* 

As an aromatic, vanilla ia much used by confectioners for 
flavouring icos and custards. The Spaniards employ it exten¬ 
sively in perfuming tlicir chocolate. It is diflioalt to reduce 
it to small particles, but it may be eufflciently attenuated by 
cutting it into little bits, and grinding these along with sugar. ' 
The quantity imported into tho United Kingdom is very smalj, 
amounting te not moro than five and six ewt. per annum 
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SEATS OE INDUSTRY.—n. 

SHEFFIELD. 

BT S. S. FOX BOUBKK. 

Sheffuslo, smaller than Birmingham by about a third, ia the 
eeoond hardware town in England. It has an old as well as a 
modem history. A oastle built on a field at the junction of 
the little river Sheaf with the Don, was the centre of the old 
lordship of HaUamshire in feudal tunes, and here Cardinal 
Wolsey whs imprisoned for eighteen days, and Mary Queen of 
Soots for the best part of fourteen years. Before that, how¬ 
ever, tile, village that had grown up round about began to 
follow the trade which, till very reoently, has been the staple 
mannfaoturo of the inhabitants. Chaucer speaks of “ Sheffield 
whittles,” and from an earlier day the rude knives so known, 
and other ontlery wares, wore chiefly supplied to the Yorkshire 
districts by Sheffield, while Birmingham carried on a like trade 
with the midland counties. Eeither town oonld then produce 
such delicate workmanship as some of the Continental factories. 
In the reign of Henry VIII. wo read of “ knives of Almayne,' 
knives of Eranoe, a^ knives of Collogno,” but only of 
whittles from Sheffield. The whittles gradually improved. A 
case of them was thonght dainty enough to serve os a present 
from the Earl of Shrewsbury, lord of HaBamshiro, to Queen 
Elizabeth. At that time there existed in Sheffield a eorpo- 
ration of cutlers, which in 1624, by charter from James I., 
became the Cutlers’ Company that still has famous influence 
in the town. But Sheffield was then small and poor. In 1615 
it had a population of 2,207, of whom, according to a con¬ 
temporary record, 100 were “ householders whioh relievo others, 
and though the best sort, are but poor artificers;” 160 were 
householders “ not able to relieve others, suuh, though they beg 
not, as are not able to abide the storm of one fortnight's sick¬ 
ness, but would bo thereby driven to beggary1,222 were 
” ohildren and servants of the said householders, tha greatest 
part of which tao such as Uvo on small wages, and are con¬ 
strained to work even to provide them necessariesand the 
remaining 750 wore “ all begging poor, not able to live without 
the oharity of their neighbours.” The inhabitants numbered 
9,625 in 1736 ; 45,755 in 1801; and 185,157 in 1861. Daring 
the last two centuries the population has nearly doubled in 
every twenty-five years, and the importance of the town has 
grown in far greater proportion. Most of the 240,000 or more 
persona now resident in it are concerned, directly or indirectly, 
in the produotion of every sort of cutlery, from pen-knives to 
sword-blades, or of tools, trinkets, cannon-balls, and armour- 
plates, and the thousand other varieties of hardware manufac¬ 
ture, some of them peculiar to Sheffield, and others in whioh 
Sheffield is a formidable rival of Birmingham. 

Steel is to Sheffield what brass is to Birmingham. Swedish 
iron comes into the town in vast supplies by way of Hull, and 
is skilfully worked up with the help of the coal that is plentiful 
in the neighbourhood. By far tho larger part of the 50,000 ox 
more tons of steel mode annually in England—^the produce of 
all the rest of the world being about as great—comes from 
Sheffield and its outlying districts, along the shores of the Don, 
and with this trade is extensively carried on the kindred and 
older process ef oast-iron manufacture. Both oast iron and 
steel are combinations of pure iron and carbon, the proportion 
of carbon in ooet iron being four or five times as great as in 
steel. All the efforts of old iron-workers wore directed to the 
removal of every extraneous substance &om the ore, so as to' 
render-* it os dootile and malleable as possible. About 800 
yearn ago it was discovered that the presence of carbon, while 
rendering iron less St for ordinary purposes, gave it some 
special advantages, B&d aocordingly the ore was so treated ae 
that four or five per sent, of carbon should be left in it. The 
treatment, however, oamed manganese and other bodies to be 
also, IriK m the metal, and the presence of these substances 
lessens the value cost iron for all delicate uses. To produce 
a snttable metal for these usee, therefore, the iron was at first 
purified os thoroughly as it ooidd be, and then a portion of the 
eorbon extracted from it was restoi^, Ihe now metal being 
known os sted. ' 

• Heit of tim various methods adi^ted for ^ua monuteo- 
taring steel ire pursued in Sheffield. In the Works of 

Veesfo. -Choilis OommeU and Co., tho most comman process, 
ttel U osssentotion, is punned. The purest sBallesblo iron, 


generally brought from Sweden of Bussia, is broken into short 
bora, mixed up with powdered ohurooel, and subjoeted to a 
uniform red heat for ten or eleven days, until a anffloient 
quantity of oorbon is absorbed, and what, from its peculiar 
appearonoe, is called blister-steel is produoed. BUster-stoel ia 
tmmed into oast steel by another mdting and a slight hammer¬ 
ing, or into shear steel by hoflimering alone. Coarser varieties 
are manufootured by modifioations of this treatment, or by sub¬ 
jecting the cast steel to the ordinary puddling proooas until 
only the requisite quantity, from one-hidf to one per cent., of 
carbon ia left in it. All these, however, ore costly; and sn 
important innovation is Mr. Bessemer’s method oi direotiy 
oonyeiting the crude metal, os it comes from the blaat-fumace, 
into steoL The secret of this method ia the sudden application 
of intense heat, under a rapid ourront of air, to the rough iron, 
whereby violent boiling and deoarbouiaatian are secured, and 
tolerably pure steel is turned out with remarkable ease and 
speed. The process, invented in 1855, has yet to be thoroughly 
perfooted; but vast bonoflts have already resulted from it. 
Not only is the manufacture of steel rendered much cheaper 
than by any other plan, but it eon also bo produced in larger 
mosses than there were facilities for previously, and thus tho 
metal can be applied to new and valuable uses. 

One of these uses, directly due to Mr. Bessemer’s fertilo 
invention, is the manufacture of steel cannon-balls. “To 
facilitate this manufacture,” says Mr. Fairbairn, “ Mr. Besse¬ 
mer designed a rolling-mill, now in use at his works in 
Sheffield, in which lumps of steel ore fashioned into spherical 
bolls, from 68 to 300 pounds each in weight, with tho greatest 
rapidity, and with a degree of accuracy never attained in cast- 
iron shot. The moss to bo acted upon is cut from a solid 
cylinder. The angles of tho cylindrical lump ore then redneed 
by pressure between curved surfaces. In this approximate 
form they ore put, at a bright red heat, into tho rolling-mill, 
whioh consists simply of a revolving table, in whioh an annular 
channel is formed. Tho channel being in section part of a 
oirolo of the diameter of the intended shot, a similarly grooved 
-table is fixed above it. Tlie axis of the lower one may bo 
moved ond-wise by a hydraulic ram, there being a recess 
formed in tho ram to reseive tho end of tho axis. When a 
moss of steel is put into this annular channel, and tho -table set 
in motion by powerful gearing, the hydraulic ram is made to act 
on tho lower end of the axis, and compress tho revolving mass 
between the grooved surfaces. The lump of steel in its passage 
round the central shaft also revolves on its own axis, whioh 
constantiy varies in position, and thus ensures the most per¬ 
fectly spherical form. To prevent the scale of the metal from 
roughening its sutfooe, a j^ of water passing down the hollow 
axis is projected against the shot os it revolves, and causes tho 
soale to bo titrowu off as quickly as it is formed, while a blast 
of air passing do-wn another possagre in the axis blows all these 
detached soalos out of the annnW channel. Three balls ore 
best acted upon at one time, so that in three or four minutes 
this simple apparatus is capable of produoing three large 
spheres, more accurate in size and form than a workman with a 
slido-lathe could produce in as many days.” That “simple 
apparatus ” will serve as a specimen of -the numberless methods 
by whioh meohanioal skill is made to supersede, or rather to 
eoonomiee, hand labour in Sheffield, as in all other manufac¬ 
turing towns. 

A more important illnstration of the -way in which warlike 
needs are served in Sheffield, to the great enxibhment of the 
town, is furnished by its mannfaoture of armour-plates. Iron 
ships have already virtually superseded the more gtaoeful 
woo^ men-of-wsr for purposes of naval fighting; but tiieir 
adoption was long delayed by the peooUar danger! sriring from 
Iffie effecfts of shot upon ordinary iron steoners. The innovation 
-was opposed by tiie English Admiralty in 1884 and subsequent 
yean, until 1855, when the Emperor Napoleon oaused thiok iron 
plates to be oonstruoted for casing tin aides of his iron war¬ 
ships, and their suooeasfnl use in the Crimean war brought 
iron-olada into fMhion. Ihe Sheffield manufacturere quickly 
set themselves to supply the new oommodiiy. Meem. Jolm 
Brown and Co., who started th^ huge Atlae Worin in 1857, 
began the enter^ee in 1880. Thtyoonatmoted immense loUing- 
mfils a^ted lor the produotion of armonr-platM, some of them 
twelve liuhes tifiok, idn o te ea foot long, and four feet wide, and 
weigUiig twenty tone. Their example was soon fdlowed by 
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Meuri. CMunell and Co.' at J|iheir Qj’olops Works, and thus the 
tvro largest establishments in Sheffield find a oonriderable part 
of their bnsiness in providing the mnnitions of war. 

Armonr-plates, however, sre only special items in the mnlti- 
tudinons prodnotions of these great hardware factories. Other 
factories have their own specialities; among the most notable 
being the steel eannomballs of Messrs. Thomas Firth end Sons, 
who follow in Mr. Bessemerje load, using their own homogeneous 
steel in lien of the Bessemer steel; the saws of Messrs. Spear 
and Jackson, manufactured at their iEtna Works; and the oast- 
steel bells of Messrs. Naylor, Vickers, and Co. Making bells 
weighing 2,000 or more pounds apiece, the latter firm has proved 
that steel is for this purpose as serviceable as bronze, and nearly 
two-thirds cheaper. 

These new manufactures have partly ousted knife-making 
from its old place as the staple trade of Sheffield; but Sheffield 
is still the great haunt of ontlers, some 1,500 employers having 
here their workshops, besides about 250 makers of files, while 
the makers of edged tools number about 150, the saw-makers 
as many, the makers of hammers about 60, and the engineers’ 
tool-makers about 100. These associated trades provide occu¬ 
pation for a largo part of the community, and in them all the 
appliances of modem science and art arc brought to bear. 
Kach one of the millions of pen-knives manufactured every year 
in Sheffield, and sent for sale to all quarters of the world, goes 
through ton or a dozen hands. One man forges the blade; 
another roughly grinds it; a third softens the metal and affixes 
the trade-mark of the maker ■, a fout|h hardens and tempers it; 
a fifth grinds it 01 or again until a lino edge is produced; a sixth 
fastens it to the handle, which has been prepared by a separate 
train of workpeople, from wood, horn, ivory, mother-of-poarl, or 
any of the other substances employed. In file-making and all 
the other tradc.s of the town there is a like subdivision of labour. 

Wire manufacture is another important trade of Sheffield, 
some wire, fur watchmakers' use, being so fine that a hundred 
miles’ length of it would hardly weigh a pound. When steel 
wire was in fashion for ladies’ crinolines, Sheffield produced 
10,060 tons of it in a year. 

'llio trade in whioh Sheffield compotes most directly with 
Birmingham is that concerned in the manufacture of plated 
goods. This trade was born in the Yorkshire town. In 1742 
one Thomas Bolsovor was employed to repair the handle of a ' 
knife nEido partly of silver and partly of oopi>or. It ooonrroil 
to him that, by placing a thin coat of silver over a thick base of 
copper, and rolling them together at a high temperature, they 
might bo welded into one moss, and a marketable commodity 
produced. Ho experimented snooossfully, and soon drove a 
thriving trade in plated snuff-boxes, buttons, and the like, j 
Matthew Boulton adopted the dovioo in Birmingham, and before 
long both towns were busy with silver-plating and gold-plating. 
The electro-plating prooess, begun at Birmingham a century 
later, was soon copied in Sheffield, and thus each town has 
helped the other to a new souroo of wealth. The kindred trade 
in Britannia metal—an amalgamation of tin, rogulus of anti¬ 
mony, copper, and brass—was started in 1770 by two Sheffield 
workmen named Jessop and Hanoook, and now gives employ¬ 
ment to one large house and many smaller ones. 

Bivalling Birmingham in the general character of its em¬ 
ployments, and especially in some of their detaUs, Sheffield 
differs widely from it in one important respect. The War¬ 
wickshire hardware town is a model of freedom from restraint 
among workpeople, and of harmony between them and their 
masters. The Yorkshire hardware town, as was painfully 
shown a few years ago, famished an ugly example of the 
iyranny of trades’ unions, and of the misoMovoas disposition 
that leads to strikes and trade-outrages. The sooial condition 
of the workpeople, who are generally paid highly for the fddlled 
labour of which they are masters, is favourable; and there is 
now no counterpart to the state of things whioh, as we have 
seen, prevailed in the town 250 years ago, when one-third of 
the inhabitants were “begging poor,” and most of the rest 
wero “oonstrained to work even to provide them neoes- 
■aries.” There are signs of wealth in the cottages as well as in 
the mansions; but the very prosperity of the labouron has 
begotten an evil. Jealous of all rival^, they strive, by foul 
me^_ as well as fair, to maintain their advantage over the 
majority .of Bnglish workpeople. The result is a vioious 
temper, whioh dominates the whole class, though most of iti 


members may be free from it, and whioh threatens to retard th( 
future growth of Sheffield, and drive some of its tradqe into 
healthier homes. 


APPLIED MECHANICS.—II. 

BY BOBXBT BAlI, KJl. 

THE PULLEY. 

INTSODTJCTION—^LAEUB AKD SMALL PULLBYB—THBOBT OT 
THB PULLEY-BLOCK, INCLUDIKO PBICTIOH—EXPEEIMBNTB 
UPON THE THBEE-8HEAVE FULLET-BLOCK. 

Befobe commenoing this losson the student should make him¬ 
self familiar with what hah been said on the subjeot of Pulleys 
in Lessons X., XI. of the series of lessons on “ Mechanics.” 
It will also be necessary to fully understand what is in Lesson 
XI. oallod the “ golden rule of Meohanios.” This law may ho 
thus stated:— 

In any mechanical pmver the distance through which the 
power moves muUijilied by its magnitude is eguai to the 
distatiec through which the resistance moves multiplied by its 
imgnitude. 

This rule must be thorou^Iy grasped before any real advanoo 
can be made in the practical side of the subject whioh wo fiow 
approach. It is often called the “law of virtual volooitieB,” 
and we shall use this name, tUongh in 
reality virtual velocities means a gene¬ 
ral and profound trnth in Mechanics, 
of which the golden rule is only a par¬ 
ticular ease. We shall also use the 
term velocity ratio; this may bo de¬ 
fined as the proportion of the distanoo 
though which the power moves in a 
given time tc the ilistanoe over wliich 
the load is moved in the same time. It 
would follow then, from the principle 
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Fig. 1. 


of virtual velocities, that the mechanical 
efficiency of a machine is to be exprossod 
by its velocity ratio. This is the usual 
supposition, and by it various problems iii pullt^s are solved 
in Lesson XI. But when wo turn to practice, wo find that 
the mechanical efficiency of a pulley is very much less than its 
velocity ratio. This is because friction has stopped in and 
robbed ns of our force. No matter how well made bo the 
axles and their bearings, no matter how carefully they be oiled, 
there is invariably loss of power prodneud by friction. The 
student will do well to reafl the account of friction given in 
Lesson XII. It is the presonco of this force which impera¬ 
tively demands that to study the mechanical powers wo must 
first resort to experiment, and then theory will aid us in making 
our experiments, and afterwards discussing them. We shall 
find that friction, which at first sight seems embarrassing, and 
destructive of wliatever is symmetrical or elegant in the treat¬ 
ment of the problem, docs not really prove so: on the contrary, 
it leads, when properly studied, to trutlis of a beauty and pro¬ 
fundity beyond any wo can attain by theoretical studies of the 
meohanical powers whioh do not recognise its prosenoe. 

EXFBBIMENTS ON LABOE AND SHALL PULLEYS. 

Wo shall commence our experiments upon a single pulley, 
which is merely used for the purpose of changing the direction 
of a force. This can only be done at a little ^ 

Boorifice of power, whatever be the size of the 
pulley; but the loss is greater with a small 
pulley than a large one. Wo can stndy the sub¬ 
jeot by the apparatus of Fig. 1. This leprcseuis 
an horizontal axle around whioh the piece A n . 
is capable of turning quite freely. A n is up-" 
parently composed of two pulleys fastened toge¬ 
ther ; it is in reality one piece, one of these 
sheaves being 4'7 times the size of the other. 

We may place the rope on either the larger 
groove or the smaller groove, os is shown in 
Fig. 2. We shall first desoribo the mode of 
experimenting with tlie laigor groove, and the same proeess is 
to be afterwards oarried out with referenoe to the smallqr 
groove. A rope being placed on the pulley, let a wright, 
B, bo hung at one end. If then an equal weight, f, ware placed 
! on the other side, the two would balance. Now, if tb» pulley 


IH 


B 

I’ig. 2. 
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had no friotion, we ritonid find that the alighteet addition 
made to either of the weag-hta would uanas it to deaoend and 
raifio *np the other 5 but on account of friction, a very appre- 
oiablo addition must be made to one of the weights before it 
does this. We shall give the details of one o^erimont, in which 
a pioco of flexible rope wan used, which carried a hook fastened 
to each end, the hooks having equal weights. A weight of 141b. 
was then p!a<!od on each of the hooks. We have now a number 
of piflooB of wire, each of which weighs exactly 0‘1 lb. Wo add 
one of them to v, but there is stUl equilibrium, O'l lb. not 
being sufficient to ovorcomo tlio friction; another and another 
is added, till we And that when r has received 0 4 lb. it begins 
slowly to descend; the friction is then conquered, and it is 
moBsnred by 0'4 lb. Let us now vomovo tbe stone weights from 
the two hooks, and attach to them weights of S (5 lb. each. Wo 
find that 0'4 lb., which was sufficient to overcome the friotion 
before, is not now enough ; 12 lb. must be added to the weight 
P before it descends and raises n. This experiment teaclms us 
that the friction of a pnlloy about its axle increases with the 
weights that tho jiulley is li'ting: hero the weights are inorcaswl 
fourfold, and tho friction has increased threefold. iSpeaking 
very roughly, wo nis.y often take tho friction as proportional to 
the load raised. This rule gives rather too high a valuo for 
]a<igo weights, and too low for small weights, but it may bo 
taken aa suffioiontly correct for qrdinary purposes. 

Let us remove tho rope from tho large groove, and i'laco 
H on tho small groove, adding 141b. to oacli of tho Looks. 
The condition of things is so far the K,-uno as in tho first of tlic 
two ca'-es already dcseiibed, lliat the two grooves turn as one 
piece npoii the .saint) axle ; if, therefore, we find any difference 
in tho amount of friction, it is to be attributed solely to tho 
diHbi cnce in the si/.o of tho two grooves. We load r as before, but 
we find before it dosconds we must add to it S'fi lb.; ibis, then, is 
the moasnre of tho friction. It is nine times as largo as it wa.s 
when wo used the larger pulley. This dilforonoc is not L> bo 
attributed to friction only; tho rope opposes more rosistanco 
to being bent around tho small pnlloy than it docs about tho 
largo pulley, and this roststance and tlie friction account for 


tlio loss. 

It will bo easy, by examining Fig. 2, to sec that friction must 
have a greater effect ou the small pulley than on tho largo pulley. 
Ihe friction is at five cirvumferenoo of tho axlo, and always acts 
to oppose tho motion. iSupposing v be acting to raise k, p acts 
at an arm o b, wliilo tlm friction acts at Uio arm o c; tho 
lovorago of P, thorefore, in ovcri-oming tho friction is greater than 
Uiat of X in the propoi-tion of llie lengths o a and o 11 j henco 
the friotion should be 4'7 times larger in tho small pulley, 

47 s 0-4 = I BS - 1'911). approximately. 


Tho difforenoo between this amount and that which was 


observed, 


3 0 - 1-0 = 17 lb., 


ttpnesses the power that is expended in overcoming tho other 
■onree of loss, vix., the rigidity of tbe rope. 

The practical conclusion to be derived from these considera¬ 
tions is this I always use pulleys aa large aa possible. In coal¬ 
pits tbe ooge containing tracks of coal is raised to tho surface 
by a wire rope ; this generally pusses over a largo pnlloy, and 
from thenoo to the engine-house. The pulley is large, both for 
tho purpose of avoiding fiictiou, and also to avoid Imnding tho 
lojie too quickly, a process that pot only ontailH loss of power, 
bnt also injures the rope. By having a largo pulley for tho 
rope to pass over, sudden flexure is not required. The pulleys 
used in coal-mining arc from six or eight foot in diameter up to 
nearly double tliis size. 


THEOPy OP THE PDEUtV-BLOCK, INCEtJIMKG FRICTION. 

Let« bo tho virtual velocity of a pnlloy-block, or, indeed, of 
any other mechanical power, for tlio investigation now given 
applies to all mooMnes. 

Lot R be tho looil to be taised, v the power which raises it. 
If there were no friction, we should liave 

P=4B} 

but the presence of friotion prevents this equation being true, 
ilba power required is always greater tiian the value given 
by it. 

it ja fcwid that tits power ;d\'>u!d be ecprensd by a formula 


pwa + bb; 

whore A and B are numerical constants whose valnes must bo 
determined by experiment. The form of this expression should 
be noticed. IViotion is not strictly proportional to the pres¬ 
sure. It is found that tho friotion is best represeiitod by two 
terms: one, B B, which bears a certain ratio to the load; the 
other a constant quantity, a, which is generally small. A also 
implicitly contains tho amonnt of power necessary to raise the 
actual weight of the lower block; so that r moans only tho 
actual number of pounds attached to the hook. . Wo can easily 
conceive how a and B can be determined. 

Supi)ose wo hang a load, B, to the load-hook, and find that a 
power, P,, is necessary to raise it, we have, by tho 'formnlo— 
r, - A + BB,. 

If now we take another load, B„, and find the power to raise it 
be Pe. have- P, = A + BB,. 

There arc thus two equations between the two unknowns, A 
and n. From tliesu two equatiofis tho values of a and B can 
bo determined by tho woll-kiiown process which is described in 
Lessons in Algebra. It will then be found that if any other 
load, Kj, bo raised, the power nocosaary to lift it will bo 
A + BB„ 

thus verifying tho formula. Actual values of a and B for ono 
systom of jmUeys will presently be given. They are found by 
taking tho mean of several different experiments. The priiioii)lB 
is essentially the same afv hero explained, but is a little more 
oconratc. It need not be dwelt on further, as the i)rocc8S is 
somewhat diffi'-nlt. and reijuirps considerable calenlation. 

Tx)t us now deduce frinn this formula flic ineel)anioal ofli- 
cioncy of tho machine. This is to be obtained by dividing it by 
A •+ B It. Wo have for quotient— 

B 1 

A + BU'' jj /a" 

Wlion B is conridcrablo, ^ is vei-y small, and thoreforc the me- 
chanical efficiency is reiiroscnled by g very nearly. 


It will also bo useful to uscortabi the quantity of eiiorgy or 
work which i.s usefully oniployed, and therefore, of coyrsi’, tho 
<)niintity which is wasted in o\ereoiniiig friction. In order to 
raise 11 pounds one foot, r must be exortod oM-r a fei.t, bunco 
HP units of work must bo exjiendoil to do n nuits, of ivork ; but 


X 100 


« P = n A I ttllB ; 

and out of this quantity only r is employed, hcuco tho per- 
ccutjigo is ■ jj 

hA + 11BB 
100 B 

“ «(A 4 UB) 

100 

It + B). 

If B bo very large, ^ is smnU, and may bo neglected; and we 
1& 

find tiic pcr-ucuiagc of work utilised to bo 

100 

nB' 


TECJHNrOAL DEAWING.—VI. 

UBAWING POE CABFPMTBBS—COFPEB-0AMS (coidtttlMd), 

Fifl. 31 is the section of a much etrongor coffer-dam, which is 
so odnstructod as to preserve its firmness throughout its entire 
height. This consists of three rowp of piles, a 6 c ; tiie two 
nearest the watei', a and l>, being of the full height of the aoSex- 
dam, and the third, c, being half tho^ height. These ^ilos are 
placed at certain distonoes apart, and are united at the top 
and at a point just belo-^- the middle by cross-timbers, d*, (P, 
placed horisontally on eaw side of the piles, and attached by 
being notched cm to the piles; an iron bolt passing through 
all three timbers. The outer row of piles are ooimeete4 w > 
eimilor manner tho oross-pieoes, e, v^ch are on a iWol witii 
tho rails, d' and a*. Besting on these, tubers, /, are laid aorOM 
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in ppire—tii«t in, on laaob eido of the piles, so that oaob pair 
(rrosps the piles, and also the strut, y, between them ; bolts 
tishtoned Tip by means of nuts pavsing tUroutrh all three. The 
transverse pieces at the top uf the Ions; piles rust on the longi¬ 
tudinal joists, and are in this oxainpio shown notched down 
upon them, for the purpose olroady explained in the previous 
study. 

The student must now bo reminded that up to tliia stage 
tbo construction is a more skeleton, the piles being six or eight 
foot apart. This space is filled in by shcrf-piling—^that is, piles 
placed in a s/uet or wall. Those are narrower than the true 
piles, and are driven down between the longitudinal cross- 
piooos or walls, so as to render the whole construction com¬ 
plete. 

Tills hollow wall is now to bo filled in with clay, puddle, 
etc., and the water liavi/ig been iiumpcd out of tlio site en¬ 
closed by the coffor-diun, the ground must bo dvcilged, and, if 
required, a bed of hi'lun* must lie laid down on which t-> erect 
the intended pier or other structure. 

Tho following practical hints by Mr. Dobson are quoted for 
the instcuctiou of tUo student:—•* beakage beisveeu tho puddle j 
and tho surface of the ground will gcucra'ly tako place unless | 
all the louBO, soft, or porous surfaco-Boil be careful ly removed 
by dredging before the piiddlo is jiiit in. This dredging may 
bo done before or after the piles have boon ilrivcn. Leakage 
through the puddle-wall itself may arise from various causes, 
but may generally Im prevented by liarcfnl work, and solGcti(>n j 
of good materials, lu tho first pLanc, tlie piles slnmld uli be | 
fitted to each other ’lofore driving, a;ft -hoiiM bo truly end j 
oarcfully driven: next, the framing ntid strutting should bn j 
Butfioiently strong t> iirovcnt any straining or movement under | 
the varying preasurc to which the dam may be expo.“od by 1 
alternations in tbo licight of the water: and lastly, tho material 
u.sed for tho )raild!o should be sueli as wiil settle dowji into 
a solid mass, and sliould ho oarel idly punned in thin layers so 
as to Hocuro that no vacnities are left in any ]iart. b'or this 
reason it is dosiiablu, when tbo jidos have been driven between 
the double wallings, to remove tbo inside walls alter tho piles 
are home, as any projections of this kind in<TOa.so tho dilUculty 
of punning the pudd c. In order to resist the evd offoets which 
miglit ariso fro:i tho swelling of the puddle, the inner and outer 
rows of pilci are usually oinnuetcd with iron bolts passing 
through thj jiiloa, and eocured by nuts, with iron plates and 
largo wooden washoi-s to jiruvcnt i ho former from'boing drawn 
into tho piles by extreme pressure. Those tic-bolts arc often 
found to bo very troublesome «oure.es of leakage, as tho water 
soaks in runiid the bolt-lioios, and it is difficult to keep the 
puJd'.o from settling a\v.ay from tho bolts, and leaving a cbsmuel 
for tho passage of wiii r through the dam.” 

With tills information as to tho oonstruction of tho cofEcr- 
dam, tho studont will not, it is presumed, requirn any iiistruc- 
tions as to copying the c'.,ainple; and be will, ns has boon 
already inontioucil, do well to draw the various parts in precisely 
tho Homo Older in which they have boon mentionod in the 
description. 

WOODEN !imDOE.S. 

Wooden bridges may bo looked niioii a.s tho origin of all other 
constructions for crossing water or roads, whotlior of stone or 
iron ; for it sooms natural to suppose thut in the earliest times 
the simple method of Ibrowhig a plank across a stri^ra may 
Ijove been adopted —in fact, thy falling in that position of a 
tree on the bank would liavo suggested such an oxiiediont. 

A plank placed across from one bank of a stream to tho other 
is, then, tbo most elementary form of a timber bridge ; it is at 
iffio same time tlie most perfect, and the prinoLple on which it is 
•nsponded, or kept in its proper position, is worthy of oon- 
aideration. “ For,” says Mr. Potor Nieholaon, “we may loam 
how to construct the best aud most advautagoous kind of 
bridgw suitable for immense spans from this unpretending 
and apqiarently nnprnmeditated contrivance.” 

When a strong plank is thus laid ujion two sapports, that 
part of it whioh lies midway between them has to sustain its 
own weight, aiad that ci anything crossing ovei- it, by the co- 
hosion b^een its particles—that is, by the power with which' 


* Bffon, fl hind of concrete, whteh, owing to its oompesition, has 
tho proi'crty of hardening under water. (See “XiessoM oaBuildiaf 
ClonBtrnotiuu.’'j 


tho atoms or fibres of which it is built up, cling togethar ; for 
a.s that part of the plank has notbirig to rest upon, it bo 
clear tliat it will have a tondonoy to break somewhere between 
tho supports when the strain upon it exceeds its strength. 

But xiwiug to the cohesion of tho paiticlos, which attracts 
them one to another, such a plank oaiinut snap asunder with 
absolute suddenuess, becanso the oolls of which timber is formsif 
are lengthened out into fibres or hollow threads, and Oicse ore 
BO interwoven one with another that one partiolo or atom of 
the material will not readily bo soparated from its follow as 
long ns such matorial remains in a sound state.* This being 
tho case, the weight upon tho beam will cause it to bend, or 
what is technically tei-mcd to “ sag," and it is to p.'uvoni snch 
bonding extending beyond a safe amount of elasticity that tho 
efforts of tho oonstructor of wooden bridges arc mainly 
dhected. 

Absolute construction does not come within the provinco of 
these le.-.soiis, but, as already «tatod, tho bolter acquainted a 
man la with tho pr..ii:iple.s involved in what ho is doing, the 
botUn- will he do lii.s work, and certainly tho more iritorost wiil 
betake in it; and thorofoi'o, although nothing like a seioiilific 
treatise would bn in ohai-acti'r with tho object in view, it is 
imped that the fo'lowing iiotin on wooden bridges, lliei” his- 
lory. and p(iculiai‘Hie» of con.struction, may be of interest to 
tlkose who ai’e now, or who may at any time become, engaged 
iu sue*’ works. 

.T*, wiil be easily uudorst'iral that wlimi a jilank is laid aeross 
ffoiu wall to wall, and a woigut is pliveed on any part of it it 
bonds, benansn tho jurticles of wlilch it is formed are pre-sod 
close togetiier on the upper side, wiiil't mi tho under side they 
are drawn out. If aeross a plank so jifaced jou had pieii ui-dy 
drawn linos exactly corresponding with each oiher, jf n won d 
find that when a weight is placcil on the ]duiik tho lines on 
tlie lower will be further apart than those on the upper .svufaoo. 
Thus yon will understand that two fmecs arc acting on Uio 
beam at the same momonf, for tho upper jiortion i« subjected 
to u comjmtsinij force, whilst n tensilo or Ktrctclmij force is 
acting upon tho lower side. 

It is the strength with which these two forces counteract 
each other that constitutes tho rigidity of limber, and it will 
be evid.'.nt that there must bo some iiiteniicdiato jilano botwoou 
tho irvMir and lower BUidaces of the hoain in which tho two 
opp'isiio contending forces will meet, in which, of eourse. 
neitaer will )iroj)onderato. This is donauiinatsi the. lu-uh-nl 
t pi line, and will be diffcrontly situatid .according to the thickness 
of the beam, and tiic jiowcr of eoliesion wliich is jio.ssessed by 
tho fibres of the varioii.s km is of tiiuhcr. 

In looking back ta tile early history of wooden bridges, we 
shall find that whore rivers wore broad ami their ehantiels 
duel), it would be inipos.sible to cros.s them by single beams of 
timber. In such coses a timber framing or scaffolding would 
be formed in tho bed of the river by driving piles, or a pier 
might be formed of stoues or other materials. Ou tliosjo, beams 
of timber would bo placed with one extremity resting upon tho 
pier, and the other on the bank of tho river, or on an ahutment 
raised at the water’s edge, and upon several piers in tho water, 
as tho case might be. 

\Vlierc tho distanoes between the supports were too great for 
tho dirannsions of tbo timber forming tho roadway, flic mam 
beams were propped up by struts projecting from tli’ sides of 
the piers or piles, which were sometiraos made to meet in tho 
coiitro; or if that was not practicnblc, on ace,ouiit. of tho di 
tuiiOG between tho supports, they could each he made to susta 
tho beam, either by running directly to it fi cm tho abuttne 
at about an an{^e of 45°, or a cross-piece, ou which the 
ends should abut, bo placed between the.m and faetoned 
tho under side of tho beam. Tbeso struts or stays wore then 
multiplied and disposed in various ways, until at length a rib 
or arch of timber was fonned. to suppoi t the roadway, while 
the spandrels t’ wore filled up witli struts and ties to resist 
comprossion. 

• For an nccomit of wood, and how It Is formed, see "Our 
IloiiBos," nud “ Tlio IfsoB of Pbiils ’’ (CbsscU’b Primary fSf ics). 

t Spandrel.—The irregular triangular sjjuoe honndod'Ou one aide hy 
the ourvo of the arch, on the second by the vertiwl, nnd ou tho 
top by the horixontal lines forming the sides of th t i nyl ir epnoo 
in which an smh is ccainiaeu. 
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riba of bridges oonatraotod in this manner were com* 
poaed of framoa, the lower portion of whioh form segmenta of 
oirolea, friiqaoni^ mads np of Noveral pieces of wood placed 
immediately over each other and joggled together, so arranged 
however, t^t thdir ends should break joint. To these circular 
iproa, at polygonal frames, upright pieces were attached, either 
Imlta, moires, or iron straps, by whioh the weight of beams 
supporting the nwdway was sustained at intervals, and so dis¬ 
posed as that each part might, as far as possible, conduce to 
the strength of the whole. 

Tho following historical notes as to timber bridges are given 
in order that the student may glean somo intelligence as to 
What has leen done—the best possible guidance as to what 
may he done. Tlie extensive use of iron in tubular, girder, 
and suspension bridges, has in modern times superseded, 
in a great degree, tho use of wood, but not entirely so; 
and as the principles are applicable to so many other 
timber oonstmotions, no 
apology will bo necessary 
for describing some of 
titom, especially as they 
oonsUtate, both in their 
complete form and in 
their details, such excel¬ 
lent stndies in drawing 
for all those engaged in 
wood-work. 

The “ Pons Bublioius ’’ 
was the first bridge ever 
built across tho Tiber. It 
was at first oonstructod of 
timber in tho reign of 
Anous Martins. It tons 
jnit together without either 
bolts or ties, so that it 
oould readily bo taken 
asunder, and was built 
for the purpose of 
connecting together the 
Aventino and Janioulum 
hills. 

The bridge over the 
Danube, by Trajan, is 
almost one of the oldest 
timber bridges of whioh 
we have a detailed ac¬ 
count. 

It was supported on 
tweiiiij stone piers, which 
were l&O feet high and sie 
feet broad. On these were 
framed timber arches 
each 170 feet span, and 
formed of throe concentric 
timber rings bound to¬ 
gether by radiating pend¬ 
ants. These, together with 
the arches, supported the longitudinal beams on whioh the 
flooring joists were placed across the bridge. 

The timber bridge of Schoffhausen, built over tho Bhine by 
Dlriok Grubenmonn, was remarkable for its ingenious con- 
etruotioa. It oonsistod of two openings, one of 170 foot span, 
and the other about 190. Its abutments and centre pier wore 
of stone. On these were laid a kind of compound beam formed 
of three roils or walings, each of whioh consisted of two longi¬ 
tudinal beams boBod together and toothed into ouch other so 
os to bo porfeotly united; those were supported by an infinity 
of struts, kept in their places by vertiori binding pieces, all 
tending to traiufer the thrust to the supports of tho bridge. It 
was roofed in for tho ostensible purpose of protecting the 
timber, but there can be no doubt that the roof added greatly 
to its strength. This bridge (whioh nps demolished in the year 
1800), and others designed by tho brothers Qmbeumann, wore, 
in fsiot, timber tabular bridges. 

The timber bridge of St. Clair; over the Bhono at Lyons, has 
seventeen openings, the centre one having a span of forty-five 
feet, and too others diminishing towards each bank. Tliis 
bridge has a roadway of about thirty-six feet, which is suppuitod 


upon piers, eaoh formed of thirteen piles arranged in a single 
row, running parallel with the banks of toe river. On toe top 
of these piles a sill was framed, and longitudinal timbers were 
made to bear over toe head of each pile, and upon toese toe 
flooring of toe bridge was laid. 

The bridge of Grenelle, over the Seine near Paris, built by 
M. Mallet, consists of two equal end symmetrioal bridges, 
separated by an intermediate piece of dry ground; each of those 
is formed of three timber bays of eighiy-two feet span, sup¬ 
ported upon two abutments and two piers of masonry. The 
width of tins bridge is nearly thirty-three feet. The ground 
in the centre measuring eighty-five feet, toe whole bridge, 
reckoning the entire distance ^m the abutmento on cither 
side of the Seine, is 632 foot long. All toe foundations were 
built on piles, upon which a planking was laid. 

Those foundations were formed by means of coffer-dams, 
which at low water were not more than five feet deep. A 

bridge similar to this was 
built over the Seine at 
Ivry in 1828. 

Besides these, whioh are 
merely mentioned as well- 
known specimons, there is 
an almost endless number 
of wooden bridges erected 
throughout the world, 
amongst which may be 
named that at Trenton, in 
America, of 180 feet span; 
a bridge over the Tees, 150 
feet span; toe bridge of 
Neiicetringen, in Bavaria, 
102 feet span; that over 
tho Neuker, 210 foot si)an; 
the bridge of Bamberg, 
with an opening of 206 
feet, erected by M. Wiobo- 
king, an engineer who has 
uonstniotcd an iminciiso 
number of timber bridges; 
too bridge- of Peldriok, 
with a span of 65 foot; 
tho bridge of’^Zoto, built 
by M. Coliinot, with a span 
of 125 ft.; besides several 
pntiipbythocel obmted M. 
Porronot, a Froiich engi¬ 
neer, who was extremely 
skilful in forming oou- 
structions of this kind. 

Before giving somo ox- 
ampies for drawing pur¬ 
poses, acting upon my 
often-repeated wish that 
my readers should con¬ 
sider drawing as a nioutal 
as well OB a manual 
exercise, I ask their attention to toe following prinoiples of 
construction. 

Timbor~bridges are either supported upon piers and abut¬ 
ments of masonry, built on the solid foun^tion of toe ground, 
or on a platform oonstructed upon piles driven into the earth, 
or they are supported upon piers formed upon one or more rows 
of piles driven in a lino with the road or river passing under 
the bridge. There is almost an infinite variety of ways in 
whioh such props or piers may be made. It is, however, usual 
to drive toe piles about a yard apart, from centre to centre, and 
to bolt oBpping-pieoes or walings to toe top of such piles, and 
either filling up the spaoes between with large stones laid dry 
or else gronted with mortar. On tiiis the masonry for toe sup¬ 
ports should be placed, or a timber framing, it desirod, or else 
toe piles may be oarried up to the height of toe roadway, being 
kept in their plaoes by wahngs and diagonal pieoes, bdted on 
each aide of them, l^ese piles should be about a foot squaie, 
and when they are driven in salt water or in tidal rivers, 
their surfaces, op to high-water mtstk, should be sheathed 
with copper, or otherwise protooted from too ravages of the 
worm. 
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BUILDING CONSTRUCTION.—IV. 

" POirNDATIONS. 

It will be remembered that the term foundation refers not 
only to the enrfaoe or bod on which a bnilding stands, bnt to 
the manner in which the lower portions of the walls are oon- 
etrnotod. 

Now, as walls are built either of stones or brick, wo think it 
ndTiaablo to give the principles connouted with the laying of 
both these materials b^oro proceeding with tho subjoot of the 
fonndationB in which they are to be employed; otherwise 
several of tho terms used might 
not be understood by the be¬ 
ginner 

SL1.SONHT. —PABT 1. 

Stonemasons class the methods 
of bttilduig waUs into (1) mMle 
'loorfc and (2) ashlar work. 

Bubble work is either uneowrsed 
or coursed. 

In uncoursed rvhUe (Fig. 6), 
stones of any size and shaiK) are 
need without any reference to 
tboir heights. Tlio workman 
merely uses a tool, coJlod tho 
scablinff hammer, to chip off any 
portion which may be unsightly 
'or project from the general sur¬ 
face of the wall; on intelligent 
mason is, however, careful so to 
dispose his variously - shaped 
stones that they may fit into each 
other, packing in every interstice 
yrith smaller stones, filling in 
every crevice with mortar, and 
using his plumb-rule to keep his 
wall perpendicular. It must be 
borne in mind that tho waU is to 
be composed of stone, which is 
compact, and mortar, which is 
yielding; and therefore the more 
stone, and the less mortar put in, 
the better.* As tho mortar wiU 
continue to shrink until it is dry 
and hard, it will bo easily under¬ 
stood that a thick bed of soft 
material will nocossarily allow of 
a greater settlement at the part 
where it exists than in any other; 
nor should any stone be placed so 
as to rest on one part which may 
project more than another, and 
bo bedded up with mortar, which 
would, of course, cause unequal 
settlement when other stones aro 
placed upon it. It will thus bo 
seen that even in the simplest 
operation there is a scope for in¬ 
telligent application of thought, 
and necessity for knowledge of 
principles. 

In aruraed rubUe (Pig. 7), the workman roughly dresses 
'the stones before he begins to lay them. He is careful to get 
good beds to them, that is, to got tho under and upper surfaces 
of the stones perfoctly parallel; he also gets tho front of them 
at right angles to the beds, and tolerably level. Tbe wall 
is buUt in oonrses, which are kept of one height all along in 
each, although the different courses need not be equally high, 
not need the separate stones of which a course may bo composed 
^ noeessorily be equal, but some may bo laid on others to make up 
'Hie height. The stones at tho oomers are called ‘-quoins,” and 
are always laid with care, os they servo as gauges by wUoh the 
height of tho eourse is regulated, tbe workman using the line 
ud level to guide him. 

^ Ashlar work (Fig. 8) is a sort of facing to a wall built 
either by one of tbe other methods or of bricks. Aslilar stones, 
oi a^lars, as they are usually called, are neatly squared and 
tooled on their surfer, and are made of various sizes according 


to oonvenionoe or the ohaiacter of the bnilding. Thp following 
is given on tho authority of Mr. Peter Nicholson :— 

Walls are most commonly bnilt with an asluar facing, and 
backed -with brick or rubble work. Brick bookings are common 
in London, where brioks are cheaper; and stone backing is 
tho north of England and Scotland, whoro stoue is plentiful. 
Walls faced -with ashlar and booked wi-th brick or ancourBed(|||> 
mbblo ore liable to become convex on the nulKiilc, from the 
greater number of joints and from tl>o greater quau-tity of 
mortar placed in each joint, as tho shrinking of the mortar will 
be in iwoportion to the quantity : and therefore a wall of this 

description is much inferior t< 
one of whic tho facing and 
booking ore of the same kind, and 
buUt with equal caro, oven though 
both Bides were uncoursed mbblc, 
which is tho worst of all walling. 
Where tbe outside of a wall is of 
ashlar faoing, and tho insido 
coursed rubble, the coui-sos of tho 
booking should be os high os 
possible, and set in thin b^s of 
mortar. In Scotland, whore stone 
abounds, and where perhaps os 
good aslilar facings gie eon* 
structod as any in Great Britain, 
tbe backing of tho walls most 
commonly consists of uncoursed 
rubble, built with very U-ttle osae. 

In -the north of England, where 
the ashlar facings of wraUs are 
done with less neatness, they aro 
much more- particular in the 
ooursing of tboir bookings. 
Coursed rubble and backings are 
favourable to the insertion of 
bond timbers; but in good 
masonry wcodoti bonds should 
never be in continued lengths, as 
in. ease of fire or rot the -wood 
will perish, and tho masonry, 
being reduced by tho breadth of 
the timbers, will be liable to bend 
at the place where it -was inserted. 
When it is necessary to have wall 
timber, for the fastening of bat¬ 
tens for lath and plaster, the 
pieces of timber onght to bo built 
wiUi the fibres of tho wood per¬ 
pendicular to the surface of the 
wall, or otherwise in unoonnectod 
short pieces not exceeding nine 
inohos in length. 

In an ashlar facing the stones 
generally run from twenty-eight 
to thirty inches-in length, twelve 
inchoB in height, and eight or 
nine inohes in -thickness. Al¬ 
though both the upjior and lower 
bods of an ashlar, us well os the 
vertical joints, should ho at right 
angles to the face of tho stone, and tho face-J)od and ver- 
tioal joints at right angles tp thu beds, in an usliJar faoing, 
where the stones mn nearly of tho some thickness, it is of 
some advantage in respect of bond that tho bock of the stone 
shonld be inclined to tlie face, and that all tlic backs thus in¬ 
clined should mn in tbo samo direction, os this gives a small 
degree of lap in the setting of tho next course ; whereas, if the 
books wore parallel to tho fronts, there could be no lap where 
the stones run of an even length in the thickness of the wall 
It is of some advantage, likewise, to select the stones so that a 
thicker and a thinner ono may follow each otlior altomatoly. 
The disposition of tho stones in tbo next superior course sho-iil/ 
follow the same order as in tho inferior course, and ovei-y vertical 
joint should follow as nearly as iiossible in tho middle of tho 
stone below. 

By -the term beds of a stone is meant the upper and lower 
nufaoes of tho blook. In usn^ walling these are boricontab 
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Tia., at iba right angle with the face, and ate called the lower' 
bed—that ia, the one on which the etone reeta—and the npper 
bed, the eor&ice in which thie next aliore it will be placed. 

^e terms aupmor and inferior, when thos nged in building, 
ete., refer to ritvation, not quaUty. Thus the superior course 
means the hif/her, and aimilarlj, inferior means the lower. 

In every coarse of ashlar faciBg, with brick or. rubble backing, 
ihonMg'h.itones, as they are technically termed, should be intro* 
dneed; their number should be proportioned to the length of 
the course, and every such stone cd a snperior course should fall 
in the middle of two similar stones in ^e oonrse below. This 
dis^ition of bonds ahould be strioQy attended to in long 
oemrsea. 

Thorough-stonee or hond-atones are stones placed with their 
greatest length going through the thickness of the wall at the 
right angle to its surface. Some of the ashlar stones must bo 
ttns used, or the facing, having nothing to connect it with the 
backing, would soon separate itself from it and give way. Bond- 
stones are generally pnt in alternate oourses with booking to 
the jambs of windows, doors, etc. They are placed alternately 
in the different oourses, so that they may not come immediately 
over each other, and thus 'the tying is spread over the whole 
enrface of the wall; but unleaa tbe booking bo set in quick-setting 
cement, or othorwiao carefully pocked, the tendency of thb back¬ 
ing to settle away from the &oing will not be countoractod. 

In every pier where the jambs ore coursed with the ashlar in 
front, every alternate jamb-stone ought to go through the wall 
with ita h^ perfectly level. If the jamb-stones ore of one 
entire height, as ia frequently the ease when orohitraves are 
wrought upon them and npon the lintel crowning them, every 
alternate stone at tbo ends of the courses of the pier which are 
to adjoin the architrave jamb ought to be a “thorough-stone 
and if the piers between the apertures be very narrow, no other 
bond-stone will be neoessary in sneh short courses ; bat whore 
the piers are wide, the number of bond-stones must be pro¬ 
portioned to the spaoo. Thorough-stones must be paxtionlturly 
attended to in the long oourses, below and above the windows. 

The term ariMtra’oe is applied to the assemblage of members 
or mouldings which surround a door or window, the sides of 
which are called jamha, and the oioss-top the Uniel or traverse. 
The under side of the lintel—that is, the ceiling of the opening, 
or the Burfaco seen on looking upward when standing in a 
doorway—^is called the soffit. 

Bond-stones should have their sides parallel, and of course 
at right angles to each other, and their horizontal dimensionB in 
the face of the work should never bo lees than the vertical one. 
All the vertical joints, after receding about throe-quarters of on 
inch from the face with a close joint, should widen gradnally to 
the back, and thereby form wedge-liko hollows for the raception 
of mortar and packing. The adjoining stones should have their 
beds and vertical joints filled with oil-putty from the face to 
abont three-quarters of an inch inwards, and the remaining part 
of the bods with woll-propara<i mortar. 

Potty cement will etond longer than most stones, and will 
efven remain permanent wh<«i the stone itself is in a state of 
dilapidation from the corroding power of the atmosphere. 

It is true that in all newly-built walls cemented with oil- 
pnt< 7 , the first appearance of the ashlar work is somewhat 
unsightly, owing to the oil of the putty spreading into tbe 
adjoining stones, which makes the joints appear rather dirty and 
irregnlax; but if oate has been taken to make tlio colour of the 
putty suitable to that of the stone, the joints will,hard1y appear, 
and the whole work will seem as if one piece. Tliis ia the 
praotioe in Glasgow, bnt in London and Edinburgh fine water- 
putty ia princip^y need. 

All ashlars i^otild he laid on their natural beds ; that is, the 
swiface which was horisontal when- the etone lay in its native 
quarry should be placed horizontedly.in the wall. To under- 
staud this very clearly, the student must be informed that there 
are two kinds of stone known to geologists, viz., igneous (from 
the Latin ignis, fire), and aqneons (from the Latin aqua, water). 

Ihe igneous are such as have been formed by the agency of 
fire, which has molted Bome of their oonstitaent parts and left 
others hard and bright. The whole of the mass, when hardened, 
becomes of the same straoture thronghont, end forms the vazious 
sorts of granite used in building. 

^ The aqueous ate such as have been formed by the namerous 
SMky paries which have been eaxried itbag a^ deposited by 


water in post ages. This sediment having heeome hardened by 
time and heat, now oonstitntes most of the stones we nse in 
bnilding, which are sometimes, from their origin, called s«di- 
mentary,* 

Now the solid masses we know as stone have not been formed 
by the sediment which was deposited at one period; bnt ages 
may have elapsed between ea^ formation; thus tto Stone is 
depoStted in layers called strata (from the Latin word stratmn, 
strewn or ^read ont), and this is the reason .that smdi stone 
may he easily split into slabs, wldlst granite weald only chip 
into uregnlarly-shaped pieoes. 

This explanation will now enable the btndeint to nndenttand 
the rule t^t “ all ashlars shonld be laid on their natnral beds,” 
that ia, that they should bo placed so that the strata of which 
they are formed should be horizontal, or nearly so, as they were 
in the quarry foont which they were taken. The purpose will be 
oloar to any reflective mind, for it will at once be tmdetatood 
that'the strata, when standing on edge, will be more liable to 
separate os the stone yields to' time, the infiaenoe of the atmo¬ 
sphere, or to pressure, and thus flakes or layers will separate 
vertically and drop off, leaving a portion of the atone above 
nnsapported. 

The oanses of durability of stone, and the correspondent cau^ea 
of failnre and decay, arc either chemical or mechanical, and may 
he described either as decomposition or disintegration. Bora- 
hility also depends mnoh on the power of resistance to wear. 
Decomposition is causecl by some of the elements of the stonjc 
entering into such new combuiations with water, gases, or adds, 
as render them soluble either by air or water. Thus granite, 
'though the hardest of building stones, ia liable to serious de- 
oomxtosition when the feldspars ate alkaline, and will unite 
with water or acids. Some qualities of this stone are rapidly 
decomposed by the sea, and various oauses of a similar oha- 
raoter affect other stones, tho consideration of which would 
carry ns beyond our present subject. 

Disintegration ia the separation of parts of the stone by 
meohauioal action. One of the chief causes is the freezing of 
minute drops of water which get into tho pores or fissures of 
the stone, swell slowly as crystals of ioo ore gradually formed, 
and consequently burst open the pores or split the grain of the 
stone; and thus, as said before, if tho stones be face-bedded, 
the laminae, or thin leaves of which the aqueous or stratified rocks 
are composed, scale off one after another, just os loaves of a book 
turn over when it is placed on its back. 

Bosistonoe to wear is another obvious cause of durability; 
but this depends rather on tho toughBess than the mere hard¬ 
ness of the material (a quality often attended with brittleness), 
as also on its situation. Tho crushing weight of Portland stone 
is about 10,000, while that of York is about 12,000, or ouo^fiftb 
more; but in many situations Portland steps will last much 
longer than York. Again, the crushing weight of Peterhead 
granite ia about 18,000, or not qnite double that of Portland, 
wheroos, if used as street-paving, it would outlast six sets of 
tho latter. 

As many of tho principles of building in stone apply equally 
to briokwork, they will be found under that head, and masonry 
wiU bo further considered in a section devoted to drawing as 
applied to stonework. 


NOTABLE INVENTIONS AND INVENTOES. 

II.-GAS-LIGHTING. 

BY JOHN TIMES. 

That, the exiatenoe and inflammability of coal-gas should have 
been known in Europe more than a century and a half betwe 
its application to economic purposes is a striking instance in 
the history of great discoveries. The Ghinese, however, are 
stated to have employed, for ages, spontaneous .jets of gas— - 
derived from boring into opal-beds —for Uluminalaon and other 
economical purposes. TUft inflammable gas is desoribed as 
forced up in jets, and conveyed through tubes, for lighting 
streets, apartments, and kitchens, as well as “portoble gas ” in 

*. Tot tnither information on the formation of stons and mnoh 
other elementary but uiofnl hutruetion on suldecte oonneoted with 
bonding, tools, etc., tbe student is refened to “ Onr Houass". (OsaaeU's 
Prianry geries). ^ 
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temboo oaaM: and ki iba village of Frodoaia, in the Uaited 
StatM, Buoh gae hae.very long bwn used for oookiiig ai^ 
illaminatioii. « 

In England the appUoation dates from the year 1959, when 
Xhomae Shirl^ correctly attributed Hie exhalations from the 
bnming well of Wigan, in Jjanoasbire, to the coalrbeds ^hioh 
lie under that part of the oonnty; and soon after, the Bev. Dr. 
John Clayton, iuflnenoed by the reasoning of Shhrley, aotnally 
made ooal-gas, and described the resnlts of his labours to the 
Hon. Bobert Boyle, the eminent ohemist, who' died in 1691. He 
says he distilled cool in a close vessel and obtained abun¬ 
dance of gas, which ho oolleoted in bladders, and afterwards 
burnt for the amusement of his friends, the gas cmning from 
the bladder through holes made in It with a pin. This was a 
hint which, in an ago more alivo to econemiso improvement, 
might have brought gas-lighting into operation a century 
earlier, though the meahanioal difficulties might have been too 
great to overcome at that period. In the year 1753 Sir James 
Xiowther described to the BoyaJ Society a spontaneous evolution 
of gas at a colliery near Whitehaven. It annoyed the workmen 
so much, that a tube was made to cany it off, and persons wero 
in the habit of ffUing bladders with the gas and burning it at 
their convenience. It appears still more strange that this hint 
did not bring gas into use earlier. A tube was made to carry 
it off, and it burnt two years and nine months without sign of 
decrease ; it probably diminished as the ooal-bed was exhausted. 

This disoovery was not published in the “Philosophical Trans¬ 
actions " till 1739. Hughes, in his “ l^atise on Q-as Works,” 
1853, says, “ To tho celebrated Dr. Watson, Bishop of Lhmdoff, 
wo are indebted for the first notice of the imporl^t fact, that 
ooal-gas retains its inflammability after passing tlirough water, 
into which it was allowed to descend through curved tubes; ” 
but there is evidence in the “ Miscellanea Curioea," 1705, vol. iii., 
p. 201, to show that Dr. Clayton also discovered that gas retains 
its inflammability after passing throngh water. 

Soon after this. Dr. Watson mado many experiments on coal- 
gas : he distilled the coal, passed the gas throngh water, and 
conveyed it throngh pipes from one place to another, yet it was 
not introduood into general use; for although the properties of 
coal-gas wero known to so many persons, no one thought of 
applying it to a nseful object, until Mr. Murdoch, tho engineer, 
at Cornwall, in 1792, erected a small gas-holder and apparatus, 
which prodFhood gas enough to light his own house and offices, 
and he subsequently erected a similar apparatus at Ayrshire. 
In tiie following year he put np works for lighting tho Soho 
I'oundry, at Birmingham, with apparatus for tho purification of 
the gas: tliis light was exhibited complete at the Soho maim- 
f rcto^ at tho Peace rejoicings in 1802; and upon a similar 
oceasion ui 1814 gas was employed to light the pagoda and 
bridge uoross the oonal in St. James's Park. In 1806 Mr. Clegg 
exhibited gas lights in front of his manufactory at Birmingham. 
Halifax and other towns followed. A single mill at Manchester 
used above 900 burners and several mitos of lupe-supply, for 
the erection of which, in 1808, Mr. Murdoch received the Gold 
Medal of the Boyal Society. 

With respect to the tardy progress of gas-ligbting, it must 
not be forgotten that many interesting facts have been adduced 
to show that the tracks of purely scieutifio research, and of tho 
subsequent applications to art, have lain very much with dif¬ 
ferent parties. It was not, for example, the chemist who first 
showed a jet of coal-gas burning in his laboratory, who also 
first conceived and accomplished the nobis feat of lighting 
np with gas a whole city, so as to make night there almost 
as light as day. 

From the lighting of the Soho Foundry, in 1802, to tho close 
of 1822, Sir 'William Congreve reported the capital inveeted in 
the gas works of the metropolis alone to bo one m llion sterling, 
whtlo the pipes extended upwards of 150 miles. StiU, tho light 
of gas was poor and its smell offensive, hectares and experi- 
. ments wore next mado by a German, named Winsor, who, in 
1803-4, lighted the old Xiycoum Tl^latro in the Strand ; in the 
latter year he patented his method, and ostablished a company 
which sabscribed JiSO.OOO, expended in experiments, among 
which was the important prooess of purifying gas by lime. In 
1807 Winsor lifted np tho space between Pall Mall and St. 
James’s Park. Two years late ho applied to Parliament fos a 
rffiarter, when tho testimony of Aoonm, tho ohemist, was bitterly 
ridionled by the Parliamentary Committee. In 1814 West¬ 


minster Bridge was lighted with gas, and on Christmas Day, 
1814, eommenoed tho general gas-lighting of London. On Lwd 
Mayor’s Day, in Ihe next year, Gnildhall was, for the first tame, 
lighted with gas. 

In 1814 an explosion oeourrod at the gas works just esta¬ 
blished at Westminster, upon which a committee of the Bsyi^ 
Society reported that gas works ought to be placed at a oo? 
siderable distance from all buildings; and that the reserroirB 
or gas-holders should bo small, and sepamtod from each other 
by mounds of earth or strong parting-walla. Dr. Amott signi¬ 
ficantly reoords that l^Buch soientifio men as Davy, Wcdlaston, 
and Watt, at first gave an opinion that coal-gas oonld never 
be safely applied to tho purposes of street-lighting.” Sir 
Humphry Davy, then President of the Boyal Society, asked 
one of tho inventors M it were intended to take the dome of St. 
Paul’s for a gas-holder. (The interior waa experimentally lighted 
with gas bi 1822.) In 1825 a Government committee of scientific 
men reported that thoir occasional inspcctisn of gas works was 
necessary, tho frightful consequences of leakage and explosion 
being anticipa.ied. 

mie following is a brief and general description of the process 
of tho production and pnrificatian of ooal-gas, the operation 
being merely a process of distillation, ^e apparatus oousists 
of (1) the retorts, cylinders of iron or clay, into whioh the oosl 
being quiokly skoveUed and the month elos^ by a lid, they ate 
placed on the fire and heated to redness whioh doeomposes the 
coal and drives forth tho resulting gas; (2) the dip-pipes and eon- 
densing main, employed to conduet the gas into vessols whore 
it is removed from the tar and other gross prodnots; (3) the 
purifying apparatus for abstrooting the sulphuretted hydrogen, 
oarbonio odd, etc.; and, lastly, the gasometer with its tank, 
into whioh the gas is finally reoeived in a pniified state. ’This 
is effeoted by the vaponrs from the coal being oarriod away by 
a wide tube, which passes from the oyUnder into a series <ff 
vessels, whore tho mixed product is cooled and loses much 
condensible matte. Thus partially purified, the gae still retains 
sulphureous and other vaponrs, to remove which it is sabjeoted, 
in some gas works, to dilnto snlphnno acid, whioh separates the 
ammonia; but it is mainly purified by passing it through a 
series of vessels containing quick-lime, which absofbs the remain¬ 
ing imparities, especially the lost traces of salphur, the presence 
of which, more than any other oiroamstance, has prevented tho 
adoption cf gas-lighting in private dwellings. Dr. Letheby 
says of this discovery:—^“It is needless to dwell on the im¬ 
portance of this discovery ; for it is admitted on all sides that 
the presence of sulphur, in an nnabsorbable form, is one of the 
most serious objections to the employment of gas os an 
illuminating agent; and if, as in the present cose, the snlphar 
can bo entirely removed, without in the least degree injuring 
tho illnminating power of the gas, it is manifest that a neu.’ 
era is commeaeed in the history of gas illumination. I have 
no hesitation in saying, from my investigations of the matte, 
that this discovery of Hie perfect action of lime os a pnrifying 
agent is one of the most important of the present day, and cannot 
fail to give an impetna to tho manufacture of gas, by securing 
to tbe public a complete protection against tbo hitherto objoo- 
tionabte properties of it.” 

Hero we may note, Hiat a few years ago the refuse from 
ooal-gas works was perfectly nsoless, but valuable uses have 
been discovered for gas liqnor. From ooal-tar not only now 
ore obtained naphtb^ benzple, and oarbolio aoid, but varioua 
brilliant dyes and colours. 

Under the water-tank, in whioh the gasometer floats, the gas 
is introduced, whence it is driven by the weight of the gasometer 
through oast-iron mains under tho streets, and from them, by 
wrought-iron servioe pipes, to tho burners, the supply being 
regulated by gauges and valves. Professor Ftankland has 
Inoidly explained, at the Boyal Institntion, the apparatus and 
prdt^sses used in tho manufaetnre, purifioation, and distribntion 
of ooal-gas, by miniature gas works in actual operaHon. Fro&i 
retorts in a small furnace tho products of destrueHve distillatio n 
are Bneoessively convoyed throi^h stond-p^pes, the hydxanlic 
main, the water and tor well, tho condenser, the exhauster, the 
purifiers, the station-meter, and finally the gasometer, with its 
governor to regulate tho prossure upon tbe purified gae. 

Professor F^khuid in estimating ,tbe real eouroe of light in 
ooal-g8B, refers it to ignited bydro-oarbon gaecs and vapours. 
Theie g v*»«Hy loee hydrogen when o x po ee d to heat, and their 
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carbon partiotes snriok together and form oomponnda of greater 
oomplezity, being aomo of the dense vapours which exist in a gas- 
fiame; and oven the aoot produced by a gas>flame is not pore, 
but requires intenao and prolonged ignition to free it from 
hydrogen. A gas-flame is also perfeotiy tranaparent, and gives 
« equal light in different positions. In the comparison of light 
of equal intensity, obtained from different materials, it is found 
that coal-gas, and especially gas from cannel coal, is the least 
unhealthy of all ordinary lights, which is contrary to the usual 
opinion. 

The illnminating power of coal-gas haibeen greatly improved 
of late years, but the inquiry is too extensive for our limits. 
We must bo oontent to mention the passing of gas over naph¬ 
thaline, when it takes up its vapour, thirty groins of which to 
one foot of gas increases the light seven or eight times; with 
oil the result cxcoeds-from four to five times, but oven this is 
on important gain. 

Gas has been made from oil and rosin, but both are too costly 
for street-]ighting. Woo'l ondpeat are also used, and a village 
in Ireland has been lighted with gas made from bog-turf. The 
lime-ball and the olootrio lights are cosily. The Bade light was 
first Used for lighting the House of Commons in the year ISlii; 
its flivmo, acted upon by a emrent of oxygon, has its brilliancy 
increased by a current of atmospheric air. 

It has been calculated that an ordinary candle consumes os 
much air while burning as a man does in the act of breathing; 
the some may be sold with regard to gas, oil-lamps, etc., bear¬ 
ing a proportion to tAo amount of light evolvod. One hour 
after i^e gas of London is lighted, the air is deoxidised as 
much as if 500,000 people hod been added to the population. 
During the oombuatioti of oil, taUow, gas, etc., water is pro¬ 
duced. In cold weather we sec it ooudonsed on the windows of 
ill-ventilated shops. By the burning of gas iu London during 
twenty-four hours, more water is produced than would supply 
a ship laden with emigrants on a voyage from London to 
Adelaide. 

Dr. Johnson is said to have had a prevision of gas lighting 
streets, when one evening, from the window of his house in 
Bolt Court, be observed the pariah lamp-lighter ascend a ladder 
to light one of the glimmering oil-lamps; ho had scarcely 
dMoendod the ladder half way when the ^me expired; quickly 
xutnming, he lifted the cover partially, and thrusting the end of 
his torch beneath it, the flame was instantly communicated to 
the wick by the thick vapour which had issued from it. “ Ah!” 
exclaimed the doctor, “ one of thoso days the streets of London 
will be lighted by tmoTte!” 


PROJECTION.—VI. 

THX 1‘UOJECTtOH OV CITLINDXnS 
A CTUNDXR is a solid body of tho oharaoter of a prism, but 
its ends are circles. The axis, or lino on which a oyl^dcr 
might bo turned, unites the centres of the ends; and if tho 
en^ are at right angles to tho axis, the solid is called a right 
cylinder. It the ends are inclined to tho axis, so that if tho 
cylinder were placed on one of thorn it would be slanting instead 
of uptight, it is called an dhUgac cylinder. In the first case the 
ends would be eirolos; but in the second, although aU tlm 
seotions at tight angles to tho axis are circles, the ends being 
at an angle to it are ellipses. It will bo readily understood that 
allseotionB passing from one end of a cylinder to tho other,- 
parallel to tho eueie, will bo parallelograms ; and by rolling up 
a rectangular ideoe of paper it will bo seen that the surface of 
development of a oyl^der is a parallelogram, the height of 
which is equal to the length of the cylinder, and the breadth to 
its cironmferenee. 

Fig. 79 is the plan and elevation of a cylinder when standing 
cm its base, and it will be evident that then, ^thou^ tho 
cylinder might be retated on its axis, that axis would remain at 
right angles to the borisontal, and parallel to the vertical plane. 

Fig. 80 shows tba deration of tho cylinder when ita axis is at 
45° to the horisontal, and parallel to the vertical plane. 

project the plan of this, on A B desoribe a aomicirole 
which will represent half of the end. Divide this semicircle 
into any nombet of equi^ parts, c d, i> e, etc., as in Fig. 77 in 
thclortleeson. S^m the points c,d,b, etc., draw lines parallel to 
the axis of the cylinder, v.-hioh. passing from end to end, will give 


the same points in both. Draw a lino for the axis of the plan 
parallel to the intersecting line, and perpendiculars from the 
various points in the elevation. Mark off the lengths, ec, etc.,' 
on each side of the axis, and through the points thus obtfuned 
draw the ollipsea farming the plans of the ends. Unite thoso 
by Gnes parallel to the axis, which will complete tho plan. 

Fig. 81 is the projection of the oyltoder when the axis is at 
45*^ to both of the planes of projection. Ho description of the 
working is deemed necessary, as it is simply a repetition of 
Fig. 78 in the last lesson, and will, no doubt, bo readily 
understood. 

On referring to Kgs. 27, 28, 29, SO, the student will be re¬ 
minded that if a solid bo cut across the parts will, when rotated 
on a centre, form on “elbow ”—that is, they may be joined so 
as to turn a oornoc. This principle holds equally good in re¬ 
lation to cylinders. 

Fig. 82 is the plan and elevation of a cylinder which it is 
roquirod to cut so that tho parts may bo joinod to form an angle 
of 90“. Tho following rule must be inqjressed on the minds of 
students, viz.: Whatever may be the required angle, the section 
must be made at half that angle with tho axis. Thus, if a pipe 
is to follow two waUa which meet at an angle of l20°, each part 
must be cut at ; and, therefore, in the present figure, draw 
tho section-line, A b, at 45® (half of 90° roquirod). If now tho 
upper part of tho cylinder be rotated on a centre (c), the point 
B will meet A, and tho line b f will boconx'. a g. Now divide 
the plan into any number of equal parts at e, n, otc.,iand carry 
up perpendiculars fregu these points to cut tho soction-liue in 
d', cT, e', e'. 

To find the true section, draw A » (Fig. 63), equal to tho 
section-line a b in Fig. 82, and set off on this line aU tho dis¬ 
tances, A s', s' d, etc. Through tho points e', df, etc., draw lines 
at right angles to A b, and set off on them, on each side of the 
line A B, the distances which tho points similarly lettered are 
from the oen'cral lino A b in tho plan, thus obtaining the points 
0 , e, D, d, K, e. Draw the curve of the ellipse, which forms 
the true section, through these points. 

Pig. 84.—^To develop this cylinder, draw a horizontal line and 
a perpondioular, a. On each side of A set off the six equal 
spaces into which the two ports of the plan in Fig. 82 are 
divided, viz., A K, b D, etc., and xe,ed, etc., placing too letters 
E, D, ete., e, d, etc., in too order in which toey follow on each 
side of A. Erect perpendiculars from each of these points, 
making b f equal to the height of the original cylinder (Fig. 
82). Join F F, and the parallelogram b f f b -will bo toe 
development of the entire cylinder. 

To trace toe seotion-line on this development—that is, to draw 
the line in which tlw material is to be cut so as to form, both the 
parts of the cy Under —erect porj^ondioulois from each of too pdnts 
between b, b, and make them toe height of those similarly 
lettered in toe elevation. This is beat done by drawing horizon¬ 
tals from toe points in the section-line to out toe perpendiculars 
in too development which are similarly lettered. The iHiints 
A, 0, e, d, d, c, c, d, d, e, e, b, b, will be thus obtained; and through 
theso toe onrvo is to be traced, which will bo toe development 
of toe line of section ; and if a piece of sheet iron, or any other 
material, wore so out, the ports when rolled and joined will give 
exactly 'toe same figures, tho joint or seam being at toe highest 
point in the one, and at too lowest in toe other part. 

Fig. 85 is a view of the lower portiem projected from the 
plan, when toe diameter, A B, is at on angle instead of being 
parallel to toe vertical plane. 

Fig. 86 shoyrs the otovation and half-plan of a cylinder, 
which, on being out tyrioo at 45°, may bo converted into a 
“ double-elbow.*' 

Having drawn the half-plan (only toe half is required, os too 
points in toe other half would be immediately at tho back of 
those here given), project thB elevation from it; toon divide toe 
semicircle into any number of equal' parts, end from these 
points of division d^w perpendioulars. Next draw the section- 
lines at the required tmgtHlf (iu 'this case 45°), and at toe two 
extremities of the loww one draw lines at right angles to the 
elevation of toe cylinder; make these lines equal in length to 
toe middle portion of toe cylinder, and join them by a bbe at 
45°. Erect perpendiculars at thc& extremities equal respeo- 
tively to the oorrespouding lines in toe lower portion of toe 
object. Join these by a horizontal line, and tots 'will oompleto 
the elevation. 



PEOJBOnON. 


The develop¬ 
ment of the piece 
■of metal of which 
thie double-elbow 
is to be cut must 
aow reocire our 
attention. Pro¬ 
duce iho baBe-Une 
of the cylinder, 
and at any part 
of it erect a per- 
pendionlor (Fig. 
87), from which 
set off on each sido 
the earn? number 
of equal parte ae 
that into which 
the half-plan of 
the cylinder ia di¬ 
vided, and draw 
perpondiculata 
from the points. 
Prom the top of 
the original erect 
cylinder draw a 
horizontal line. 


Fig. 79. 
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and this, uniting 
the two external 
perpendiculars, 
will complete the 
general develop¬ 
ment. Betuming 
now to the eleva¬ 
tion of the ori¬ 
ginal cylinder, it 
will be seen that 
the perpendicu¬ 
lars which were 
drawn from the 
points of division 
in the plan, out 
.€bth of the sec¬ 
tion • lines,' and 
from these points 
of intersection 
draw horizontal 
lines to oi^t the 
perpendioulars 
in the develop¬ 
ment, that drawn 




Fig. 86. 



Fig. 83. 


from the highest 
point (viz., the 
point whore the 
Beotion-Unc starts 
from the side of 
the elevation) to 
cut the central 
perpendicular, 
and tliat from 
each of the other 
points to out the 
next pair of per¬ 
pendiculars in suc¬ 
cession ; through 
these points the 
curve, which is 
the development 
of the section- 
line, is to be 
drawn. The lower 
section-lino wiU, 
of course, be de¬ 
veloped in pre- 
cisoly the same 
manner from the 
corresponding 
points of inter¬ 
section occurring 
on it. 

Fig. 88 is the 
elevation and 
plan of one of 
the ends of the 


Fig. 88. 


Fig. 87. 
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above object when nwting on its section. On a horuontol lino 
mark dR the length of tiie tection-line in the elevation, and at 
the eztremitiea draw lines at 45° make these equal to the 
length of the longer and shorter sides of oae of tho end pieces 
the elevation,' and join them by a line which will (if their 
lengths be correct) be at right angles to them. Divide this lino 
into two equal parts, and from tho bisecting point draw a lino 
parallel to tike lidos already drawn : this will be tbo asis. On 
laoh Hide of this draw linoB parallel to it, and at distances apart 
uorresponding with those in tho elevation, to moot the inter- 
seating line. Drop perpondionlars from those intersections, 
passing through a horizontal lino drawn in tho lower plane; on 
these set off from the horizontal line tho widths of the borre- 
sponding lines in the plan ; join tho extremities by ‘tracing an 
ellipse to tonoh each, and this will bo the true section on which 
the object now rests. From each of tho points through which 
tho ellipse has been traced draw horizontal lines, and intersect 
these by perpendimlazs drawn from the points ocourring in tho 
enil of ^0 object; through these intersections draw the ellipse, 
which will be the plan of the end. 


TECHNICAL EDUCATION ON THE 
CONTINENT.—IV. 

BT XUilS A. BAVinSON. 

FOIiTTECHinC BCflOOI, IN HANOVEE—THE DIEECTION. 
Thi! management of the general affairs of the school is vested 
by the Boyal Commission in (1) tho Director, and (2) tho Priu- 
oipal (syndions). 

The Director, whilst -virtually responsible for tho conduct of 
the whole Institution, takes ospeeial charge of the monetary 
department and accounts; he also supervises tho colleotions of 
models, specimens, etc., which arc cutrustud to the teachers of 
the different departments. The library is under his direct care; 
ho exorcises a general sirpcrvision over a1) ijersons employed in 
the establishment, and regulates tho discipline of the students. 

Tho Principal holds his offloo under the general superinten¬ 
dence of the Director, his duties relating more to tho internal 
management of the institution. Thu.s amongst them are oom- 
prised— 

1. *010 receiving and enrolling of pupils and attendants at 
leotures, in connection with tho Director. 

8. The conduct of the School Eogister in all tho departments 
of the ostablishinont. 

8. Oorrespondonco with parents of pupils, cte. 

4. The receiving of roturn-s from tho teaching and domestic 
staffs, the compilation of reports, cte., iu relation to students, 
leotures, toaohors, and household matters. 

aSMBBAX UANAGBUEKT OF THX IN8TITUTIOK. 

The general conduct of tho institution is vested in— 

1. A scloetion from tho body of teachers and professors asso- 
oiated -with the Director. 

2. A snh-committoo for all matters affecting the discipline of 
tii6 establishment, consisting of fivo moiubcM of tho general 
teaching staff and Board of Maungomeut, together wi-th the 
Principal of the Folytechnio School. 

8. The general board, called tho ‘‘ Plenifm.'* 

The duties of tho body named in Section 1 constitnto them 
what may be properly called tho working school board. They 
administer the laws and regulations, decide on all cases which 
may arise, and legislate for all oiroumstances occurring which 
are not proTidod for by existing laws ; they prepare tho oourso 
of studies, attend to matters of general discii>luie, and re-or^]iiso 
hmd modify arrangamente iiK the internal working of the eehool, 
aooording to the requirements of the period. This body also 
decides on Ihe applioationi for admission as free students and 
ezhibitiouers; they oonfer with the Director, and make snch 
suggestions as to ^teraiaonB, etc., as tiieir experience of the 
practical working of the eohool may from time to time show 
them to be neoeseary. 

The general boaiA or *• Henum,” is composed of the entire 
body.af professors and teaoheis, and in its meetings the Prin¬ 
cipal of the school presides. The duty of this body at their 
eoBferenues is (1), so to regulate the echolastio matters that all 
the teaiehoDra may work harmoniottaly, and that the classes may 
M ao araai«ed aa to aaalst, Instead obatmotiiig, each other. 


(2) To receive the inoomo and regulate the expenditure thereof 
in eo^unotion with'the Direotor. (3) To seleot the students for 
premiums and other rewards. (4) To seleot the in-ooming stu¬ 
dents from tho gross number of a^gilioanta, according to the 
result of a preliminary ezamidatiou. (5) To seleot the aub* 
oommitteo for disoipliuo alladed to above. 

TKa SOHOOL. 

Tho Bohool is divided into Upper and Lower. 

Tho etudents of the Lower School are, as a body, required to 
take all the subjects presoribed. This regolation is only re¬ 
laxed in exceptional oases, snob as (1) .whore an indepmident 
student (that is, one who is his own master) wishes to attend 
certain of tho classes ; (2) where a student in the Upper Boheol, 
who may bo backwaj^l in any individual subjeo^ desires to 
reoeive further elementary instmetion nut given in the Upper 
SohooL All are admitted to tho freehand and linear drawing 
olassea without rofereuoo to attendance for other subjecte. 

The students of the Upper School are free to attend suoh 
locturoB as they may find adapted to tho course they are pur¬ 
suing ; this permission being subject to tho oapaoitioB o£ Iho 
olass-rooms. 

Tho students ore, however, required to attend the classes and 
lectures belonging to their coarse with the utmost regularity 
and punctuality ; to prepare their studies, designs, and gonend 
work with the greatest core and diligence; and to obey in every 
respect the code of rules, a copy of which is handed to them on 
their admission. 

Bespectable porsons'wbo are above twenty-one years of ago, 
or who have studied in one of tho universities, are admitted to 
the school os “ auditors” (zuhoror). 

KNTBANCE TO THX SCHOOLS. . 

Candidaios for admission to the Lower School must be at least 
sixteen years, and to tho Upper Sohool at least soventeon years 
of age. They must present testimonials as to condnot and 
acqniromonts, and must bo prepared to submit to tbo preliminary 
examination as under:— 

(a.) Gorman language, style, and idiom; an essay to be 
writt^ on a given theme, wMch sliall bo ourrect in composition, 
graniniiir, and orthography, and which shall sliow an aoquaint- 
anco with, and an intellectual method of treating tho subjoot. 

(t.) Facility in aiithmotio, including dooimaJs. • 

(r.) An acquaintance with the elements of algebra. 

(d.) A knowledge of piano goomotry. 

(e.) A general knowledge of geography and history. 

The preliminary examination for admission to tho Upper 
Sohool is based upon tho oourso of studies in tho Lower Sohool, 
sinee tho one sorve.s as a stopping-stono to the other. 

Students who enter tho Upper School expressly for the study 
of natui-al history are not oompelled to -take the wathumatio^ 
examination ; they must, however, give proof that they possess 
Bufiiciunt education to onablo them to understand the leoturos and 
to work them out. Students ■of freehand drawing or modelluig 
are not required to undergo any oduoational tost, and are 
admitted at sixteen years of age. 

Having thus given the history, constitution, and system of 
raanagemont of this noble institution, wo can now proceed to 
consider the oonrses of study pursued in tho schooL 

We cannot, however, in reviewing tho constitution of tho 
governing bodies, avoid being struck by the oircunistance that 
the jwo/essers and teachers are 'those who regulate tho whole. 
Does not this in some degree account for the groat measure 
of snooess which has boon aobievod by this school and others 
on the Continent of a similar ohoraoter ? In Fugloud oar 
managing committees are elected by their social and pecuniary 
position, not by their edueationzi status; it is not admitted 
that the masters are really 'the school, but they hold merely 
tho position of journeymen who do a given amount of labour 
for a given wage 1 and since the latter is, as a rule, far below 
what ought to be paid to gentlemen of ednoation and position, 
tho quality of the former is in many oases of a seoondaiy 
character, or is very grudgingly given. 

counax of btuht nf thx lowxb bcbooIi. 

1. Lotvnr Maihematies. (First oonrao, five hours weekly.) 

Arithmctie: powers—-the binomial theorem—4he theory of 
numbers—decimal aad vulgar ftaetiaiiB—evolutioB—eqnatlau 
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of BMOttd, thirA fourth* degrees — unaginary ^oantitiei — 
logarithms—s^ple and eompound inWest-^tooks, eto. 

(Second eontse, fire hours rreekly.) 

Plane geometry—siniilar figures—measurement of ratfaces— 
Tegular ^ygOns and circles—plane trigonometry—stereotomy 
—^the relations of the vertical to the horisontal, and of plane 
to plane—solid angles and spherical triangles—determining the 
volume and development of solids bounded by pianos—oylinden 
—oones and spheres. 

This syllabus may at first sight appear rather high; but it 
must be borne in miai that the students are all above sixteen 
years of age, and that they hare all attended schools of a class 
vrhioh will be hereafter described; in these thp stops of instruo* 
tion have been such as to lead up to tbo coarse of study as 
carried on in the Felytochnio School. 

2. Zoology and Botany. (Five hours per week.) 

Zoology in winter^ botany in summer: general olassifioation 
of animals and plants, with special reference to the animal and 
vegetable products used in trade. Froctioal study from natural 
objects, and modelled imitations of them, is oombined with the 
lootures. In addition to this there is a class for the practice of 
mioTosoopio investigation, and also in the summer oxcursions 
fur the oollootion and examination of living specimens. 

3. Mineralogy. (Five hours per week.) 

The elements of geology, mineralogy, and crystallography, by 
lessons, lectures, and practical obsorvatioi^ 

4. Freehand Browing. (In three divisions—lower, middle, 
and upper. Ton hours per week.) 

Ornamental drawing'from flat examples and casta—in the 
upper divisions from casts of heads, figures, eto. 

, 5. Linear Dravnng. 

The olomonts of projection- - geometrical constructions as 
studies of tho combinations of straight and curved lines— 
linear drawing from copies. It may here bo pointed out, that 
students who pass from the Lower to tho Upper School, and 
intend devoting thomsolves to tho study of eitW orchitocturo 
or ongiueoring, must show that they have advanced in freehand 
and linear drawing, at least os far as tho middle division. 

COURSE OF STITUIES IN THE HPFEK SCHOOL. 

1. Higher Matlmnatica. (First course, five hours per week.) 
Analytical plane geometry—diflorontial calculus—differon- 

tiatioH and oontinuod diSerontiation of tlio explicit and implicit 
functions of one or several variables — Taylor’s theorem- 
maxima and minimor—tho apparently indotorminate forms, ^ 
etc.—integral tsaloulns. 

2. Higlwr Matlwmalics. (Second course, four hours weokly.) 
Sphorioal trigonometry—analytical geometry of surfaces— 

doable and multiplied integrals—general and partial differential 
equations—interpolations—methods of tho least squares—ma- < 
thematioal statistioa, etc. 

3. SoKd^Qeomelnj. (Six hours weekly.) 

Orthographic pi-ojoction of a point—lino and plane—sections 

and developments—tho projootion of shadows—porspectivo, etc. 

4. Practical Geometry. (First eourso.) 

(Lectures, throe hours per week j plan drawing and surveying, 

font hours per week in the summer; and drawing from given 
measurements in tho winter.) 

Fundamental ptiuoiples of praoiioal geometry and its object 
—description, construction, and x^racticol use of tho inatra- 
menta used in measuring, surveying, and levelling, map-drawiug 
■and measuring ho%hts—tho surveyor’s tablo—^leveUiag-pole, 
ohain, theodchto, etc. Students, before entming npon this 
course, are reqni)^ to show thoir previous knowledge of the 
subject as far os taught in tho Lower School, and are also 
expected to be acquainted with tho elementary priaolplas of 
physics. 

6. Practical Geotneiry. (Second oourso.) 

(Leotutes, two hows weekly; plan drawing and surveying, 
four hours par week in tho summer, and drawing from given 
data in tho winter.) 

‘ Tbo hi gh e r stndy and appliot^tion of the sabjeots o! Coarse 1 


—trigonometrical and barometrieal measurements of 
—geodesy—map-drawing from actual survey. 


0. Mechanics. (First course, fire hours weekly.) 

In the first ten weeks of tho oourso, lectures are given shot, 
ing the prautical application of higher mathomattes to the 
preeont subject. 


7. Mechanics.’ (Second coarse, five hours weekly.) 

Tho oonditiohs of entering on this course are, a sound know^ 
ledge of higher mathematics. Course 2; and of mcchanlos, 
Course 1. 

8. Mechamkal Conslrnction. (First course, lectures, five hours; 
study, eight hours weekly.) 

(a.) Introduction—tho component parts of machinei^—nuts 
and ficrews — gibs and cottars — plummer-blooks—axles— 
cylinders—■ nouplings — friction and tooth-wheels — levers — 
cranks—beams—direct motion—pipes—valves—glands and 
ooUars—^pistons, etc. 

(ir.) Arrangements for regulating motion—fly-wheels—^gover> 
nors—^breaks—also simple crabs, pomps, and presses. 

9. Mechanical Construction. (Second course.) 

(c.) Continuation—orabs and cranes—tho construction of 
water-wheels—turbines, steam-engines—pumps and blowing 
ongines—^railway machinery, with especial reference to tho oojw 
strnotion of locomotive ongines and railway wagons—wheel 
gearing—^kinomatics. 

10. Mechanism. (First course, general consideration, five houra 
weokly.) ' 

(».) The populur importance of maohinory — quantity, 
quality, and price of mechanical work, illaatralcd by examples 
—advantages and disadvantages of certain constructions — 
machines for measuring and counting—olockwock for measnis 
ing time and other purposes—registering machines—water 
and gas meters—dynamometers —weiglung machines—historioal 
review of maoliines for producing motion, and for changing 
places or forms of bodies—classification of machines. 

(6.) Specialties of uiaehines for producing motion—^watew 
wheels, vertical and horizontal—hydraulic pressure engines, 
for rociprocatkig or rotary motion—windmUls—steam, calorie 
(including gaa-ijowor) ongines—macliiuos for moving bodies— 
road and railway locomotives—steamships—windlasscs—cranes 
and other raising maohinos—water-raising machines and fire- 
onginos—blast and suction machinery—machines for altering 
tho shape of bodies, especially mills—agricultural and domosUo 
machinery. 

11. Mechanism. (Second course, fivo hours weekly.) 

Becapitulation of tho principles of mechanics, with Bpedal 
reforenoo to tho solution of problems in kinematics, and the 
regulating of motion in machinery—experimental hydraulics— 
the theory of wator-whcols and of blast and suotion machines 
—the theory of vertical and horizontal water-wheels—tho theory 
of hydraulic pressnro engines, for reciprocating or rotary motion 
—^tho theory of stoam-onginee, railway locomotive, and strooV 
transport engines—the ^oory of the steam-ship—the paddle-— 
screw and reaction propellors—theory of blast and suotion 
machines—^hammering, stamping, and rolling mauhinery. 


FORTIFICATION.—IL 

BY AN OFFICER OF THE ROYAL ENGINEERS. 

TTPIB OF FIELD PKOFILES ON LEVEL OEODED—PEFINlTIONg 
—NAMES OP SLOPES, ETC.—USES OF VAKIOUS PABT8 OP 
FROFILF,— PENETHATION OF RIFLE BUl.LETB — PENETRA¬ 
TION OF ABTILLEBT—NECESSITY FOB VAUIETY OP PBOFILE 
TO SUIT THE GBOUNO—DEFINITION OP DEFILADE—MEANS 
OP AFFORDING ADDITIONAL SBCUBITT TO MEN FIBINO OVEB 
THE PABAPET. 

Types of Field Prefiles.—The ordinary ewthen parapet ia a 
mound of eartii thrown out from an oxoavatito near it. 

When this excavation is behind tho mound it er called a 
french, and when it is between the mound and the nnemy it is 
osUsd a ditch. 

In the ktter case, tho defenders eitihra fight wa the same level 
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aa thi^ opponenta, or am raised abore them, and the exwTa* 
tioa c^ea aa aa obataole to the enemy'a adranee. 

When (aa in parmenent fortifioatioH) it ia poaatble to make 
ike ditch both broad and deep, it forma a aeiions obatade, and 
affords anfflcient earth for t^ formation of a tmlly impor¬ 
tant parapet (Fig. 1). 

In field works, however, it rarely happona that the 
ditches ohn bo made more than ten or twelve feet deep, in 
which case the obstacle is not sufficiently formidable, and ad- 
ditaonal arrangements meat be 
made to delay the enemy under 
tbe cdose fire of tlio work. 

When completed with a anffl- 
dently high parapet, thia ia 
the boat formation, aa it offers 
the advantages of a oommand- 
tog position to the defenders, 
and protects them by an 
obataole in front; it is not, 
however, a rapid method of 
obtaining cover. 

Cover is more rapidly ob¬ 
tained by excavating a tmnoh, 
in which the defenders can 
stand to fire over the monnd 
of excavated earth; because by 
this arrangement ^y are pro¬ 
tected by the parapet as well as 
by the depth of the excavation. 

Tkfa, for instance, a trench 
thm feet deep will afford about 
six feet of cover. The trench 
formation is therefore generally 
adopted for hasty ontrenoh- 
mmts in the field, and tor the 
panilels and approaches em¬ 
ployed in siegea, to enable the 
bet^gers to advanoe towards 
tiu w^-armed and formidable 
works of a fortress (Fig. 2). 

It mast, however, be observed 
that there is no obstacle what¬ 
soever opposed to the enemy, 
and that as the defendras ate 
standing in the trench, they are 
lower and ooxeeqnently fight¬ 
ing to a certain extent at a 
di^vantago with an enemy 
outside. 

Oeoaeionally, when there ia 
plenty of labour available, but 
when the time for the eonstruc- 
tionot tbe parapet is limited, 
or when it ie deaizable to con- 
struot a thiokor parapet in a 
given time than could have 
been obkunod by either of the 
above methods, a double act of 
workmen are employed—ono 
party digging a ditch and the 
other a tnnoh, and throwing up 
the earth between them (h'ig. 3). 

This arrangement has many 
advantagee; it has, however, 
the defect belonging to all toenoh formations, vis., that tbe 
trenches are liable to be flooded in rainy weather, unless apeoial 
arrsngementa are made to drain them; and that, unloaa the 
parapet is nnnsnally high, the defenders are only under cover 
while standing in the trench. 

It is applicable to rocky ok marshy Bites, where neiiher ditch 
nor tienoh can be mode deep enough to provide suffioient earth 
fen the parapet. 

'D^Hnitions.—The following terms are freqnently made nse 
ci with reference to the profiles of works, and shanld be 
understood t — 

A revetment ia an arrangement for supporting earth at a 
steeper slope than it would naturally asmune, and various 
materials n^y be. used for *bi» pnrpoao. 


The command is the bright of the highest point or crest of 
a work above the level of the ground on whioh it atande; or 
above some other work over whioh it haa to fire. 

The former ie termed the aksoVate command, the latter the 
relative command. A work ‘ia said to have a command of fire 
over another work, when its rriotive command is snoh aa wiQ 
admit of a direct fire from both paiapeta being kept up aimnl- 
tanooualy, without danger to the defenders of the front work, 
AeBoming the work to be on level ground, in the same plana 

with the enemy’s poaition, and 
that the parapet idionld be oapa- 
ble of giving cover and proteo- 
tion to men of ordinary atatuia 
etanding a oertain distauoe in. 
rear, it Is evident that the crest 
must at least be six feet higher 
than the level on whioh they 
ataud; and when it ia remem¬ 
bered that the trajeetory or 
path of the enemy’s proieotilo 
is a curved line, it is plain thab 
thia height must be exceeded. 
A command of eight feet gives 
a fair amount of protection, but 
a greater oornmond would, of 
oonrae, be better. 

The reli^ is the difference of 
level between the crest of the 
parapet and the bottom of the 
ditch, or the command + depth 
of ditch. 

The terreplein of a work ia 
the level surface within it on 
whioh the active operations of 
the defence—Buoh aa working 
the guna, etc.—are carried on. 
In field-works with a low com¬ 
mand, the terreplein ia naually 
the original ground-line (Fig. 
4); but in permanent works, 
with a ooznmand of twenty or 
thirty feet, the terreplein ia the 
level suT&Me on &e top of 
the embankment or ramj;iart 
(Fig. 6). 

Those terms " rampart ” and 
“parapet" ore so frequently 
misapplied, that it would be 
well to note that the rampart 
is aimply an embankment or 
maae iff some material whioh 
raiBes the parapet to the re¬ 
quired levri. 

Karnes of Slopes, etc. —Th» 
names of the various parts of 
a profile (Fig. 6) are— x b. Slope 
of tbe banquette, b c. Ban¬ 
quette. c s. Intfrior slope of 
parapet, n x. Superior slope 
of parapet, de. *11110101688 of 
; parapet. E r. Exterior slope 
of parapeb r a. Berm, a h. 
Esoarp. hi. Bottom of ditdh. 

I X. Countersoorp. K i, k. 
Olacia. K h. Interior slope of glaoia. L H. Slope of glarie. 

Uses qf vitrioiia parts of Profile. —^Whea the parapet is high 
enough to give cover to those not aetnally defending it, a plat¬ 
form or etep must be made at a convenient level (nBaa% 4 
feet 6 inohee) below the crest, to enable the defenders to fir» 
over the top of the parapet, with aa little expoanre to them- 
aelvea as poasible. This step ie oalled a banquette; its breadth 
is 4i feet when two taake ri men are to fire, and 3 feet when, 
only one rank is required. 

The level of the banquette is gained either by stops or by 
a slope of about i, eall^ the slope of the banquette, miioh is 
a euffioiently easy incline to enable msn to go up or down 
witii ease. 

To enable the men, when firing, to stand close up to the ‘ 
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patapeft, its interior elope is made about f, and as ordinaiy loose 
earib will not stand at so steep an angle for any leng^ of time, 
it is sapportod by a revetment of soda, <nr some otber material. 

The thiehneea of parapet is the horizontal distanoe between 
the oreat and the exterior slope, or, in other words, it is the base 
of the superior slope. It is regulated so as to exceed the pens* 
tration of the projectiles it is intended to resist, 

PenetroHone of Rifie Bullets .—These penetrations are very 
varions with different gnus at different ranges, and of course | 
raty with the hardness of the 
resisting medium. The details 
of the various experiments on 
this subject would be too 
numerous to state here, and it 
will, perhaps, be sufficient to 
note some of the results. 

ITirst, with reference to the 
penetration of the most im> 
proved specimen of small arms, 
viz., the Martmi-Honry rifle, 
the following results were ob¬ 
tained {vide “ Proceedings of' 
the Artillery Institution,” 

1869) 

Mantlets of four thicknesses 
of three-inch rope were proof 
against bullets at 400 yards. 

A gabion (or cylindrical basket 
two feet in diameter) idled with 
clay was penetrated at twenty- 
five yards, but not at longer 
distances. Two planks of green 
oak wore not penetrated at 100 
yards. Twelve inches’ thick¬ 
ness of fir planking was pene¬ 
trated at 100 yards. 

Earthen parapets, or sand¬ 
bags flUod with earth, 2 feet or 
2 feet € inches thick, ore proof 
against any small arms what¬ 
ever. 

Penetratim of Artillery .— 

The penomting power of artil¬ 
lery has inoieased enormously 
in the last few years, and the 
earthen parapets of field-works, 
which a few years ago would 
have boon made 6 or 18 feet 
thick, must now (if time admits 
of its being dtnie) bo increosod 
to 12 or 24 feet thick to resist 
field artillery ; and in perma¬ 
nent works, to withstand the 
heaviest artillery, earth para¬ 
pets from 45 to 50 feet thick 
will 1)0 required. 

The top of the parapet is 
made to slope to the front, to 
admit of the musketry fire from 
the work swooping tiie ground 
on the further side of the ditch. 

This is termed the superior 
slope, and is usually about ^ 

In an earthen work it should 
never be mode more than j, as if it were so, the thickness near 
the crest would bo too weak to resist the enemy’s projectiles. 

The exterior slope is the outside portion of the parapet most 
exposed to fire, and consequently should he built at the inolina- 
tion that the soil of which it is composed would assume when 
loosely thrown up. ar 

Made-earth will rarely stand at a steeper angle than 45“, or ^ 
and in sand or loose soils the angle is less; it must therefore be 
understood that, althongh the exterior slope will be assumed as 
{ for purposes of oaloulation, etc., it would in reaUty depend on 
the fttil, and probably would be less steep than this. 

Berm is a space left between the foot of a slope and the edge 
of the excavation near it. The berm at the foot of the exterior 
dope is useful, as it fadlitates the repair of the parapet, and 



tends to prevent the weight of the xisxapet from breald^ down 
the earthen slope of the esoarp, and slipping into the 
The escarp is the side of the ditoh, nearest to toe work. In 
order to make it difficult for the enemy to get np, it would 
be desirable to make the esoarp vertical; but toe weight of 
toe parapet prevents this being possible in field-works with 
unrevettod ditches. It therefore is a slope varymg from f to ^ 
according to too tenacity of toe soiL 
In permanent works, toe esoarp is a very formidable obstacle, 

nsnahy a well about thirty feet 
high, placed in toe ditch so as 
to be bidden from the distant 
view and fire of the enemy, and 
where it can only be destroyed 
with great difficulty. 

The ditch provides the earth 
for the parapet, and, if deep 
enough, serves as an obstacle. 

Owing to too difficulty of 
throwing the earth higher than 
twelve feet, the ditches of field¬ 
works rarely exceed that depth. 
In permanent fortifications, 
when time and labour are 
available, the ditches are much 
deeper—in some cases exceed¬ 
ing 50 feet in depth, os, for in- 
stanoe, at Portland .and at 
Malta. . 

The width of the ditches in 
field-works is never veiy great, 
but in permanent works it 
varies from about 50 feet to 60 
yards. N.B. The ditohos of 
the new works at Antwerp are 
60 or 80 metres in width. 

The counterscarp is the side 
of the ditoh opposite to toe 
escarp, and as there is but 
little weight to bear on it, this 
slope in field-works may be 
made as steep as toe toil will 
admit of. In a firm soil, and 
with moderate level strata, it 
will stand for some time at a 
slope of {; but all stoop earthen 
slopes shonid be revetted to 
wi^tand the effects of rain 
and frost. In permanent for- 
tifioations too countersoorp is 
asnally a wall which, in some 
casee, has a gallery behind it, 
and ia loopholed to allow of a 
musketry ^ being brought to 
bear on the bottom of the 
ditoh. 

The glacis is a mass of earth 
placed on toe outer side of tho 
ditoh, to bring toe ground 
beyond too oonutorsoarp under 
the fire from toe parapet; 
and is also used in field-woxka 
to protect, from toe enemy’s 
fire, toe various obstaolea in¬ 
tended to delay bis advanee (Fig. 7). The earth necessary 
for this lirtter object can be obtained by excavating, as shown 
above. 

In all the foregoing examples it bos been assumed that-the 
works wore on level ground, and that a parapet eight feet high 
would protect men stonding in rear of it; and that men, while 
firing over an earthen parapet, are only protected breast 
high. LetiUe now oonsidor bow these arrangements must 
be modified %hen the ground is doping, or the enemy is on 
a higher level than tho interior of toe work; and then how 
better protection con be obtained for tho men firing over too ^ 
parapet. 

Neeessiiy for varietif of Ptxfile to suit the Orovnd .—^Prom 
Siga. 8, 9,10 it will be seen tiat, althoD||h a ^ight of eight; 


Fig. 14. 








THE TEOHNIOAIi l&DHOATQB. 


vn 


fMt of pacapet vaaf ba auSoient on laval ^nnd to protect 
non standing babind (Fig, 8), it will be neoeesary to obtain 
noro cover by. either ^nieing the oeit or lowering the torreplein 
when (as in Fig. 8} the enemy is on higher gronnd, or (as in 
Fig. 10) when l£e enemy is on the sane level as the work, but 
the ground rises behind it. 

Definition of Defilade ,—various praoiioal operations 
that as() gone through to ascertain how much the parapets 
aboTtld be raised to obtain cover, are called defilade, and will be 
larth/sr . explained hereafter. To protect the head and shoulders 
of men diing over the paraprt, loopholes are made on the 
auperior slope, by laying two filled sand-bags on the slope, as 
shown in Hg. 11, and then laying two other filled aand- 
baga across ^em, as in Fig. 12. When sand-bags are not 
available, a stout log of timber may bo laid lengthwise along 
tiM arast, and supported at intervals, so os to leave room under- 
aeath for .men to fire between it and the crost (Fig. 13). 
This gives good bullet-proof cover; but if hit by a shot or 
splinter of a shell, the beam will probably bo carri^ away, and 
may kill the men standing behind it. Fig. 14 shows a section of 
a rhle-pit with sand-bag loophole. 

AGRICULTITRAL CHEMISTRY.—III. 

, BT CIHABI.B3 A. OAKDBOS, K.S., m. D., 

Frotesior of Bygiene in the Boyal College of Surgeons, Ireland, etc. 

CHAPTEE III.-HOW PLANTS GBOW. 

The final act of vegetation is the prodnotion of seed, after the 
performance of which function the individual plants.of many 
species immediately perish, having in the reproduction of 
similar organisms aooomidished their destined career. The 
seed developed by the mature plant contains the germ of the 
'future individual, which may therefore be regarded as the huir 
to the plant; and as the provident human parent lays by a store 
for his offspring, intuudod to supply their wants until the time 
arrives when, ^ey shall be able to provide for themselves, so 
also does tiio pauont plant ceasolesaly occupy itself daring a 
jmrtion of its oxiatenco, in aooumulating provisionary stores 
destined to nouriilh its offspring during earlier stages of its 
growth. This auslogy is interesting, and it admits of being 
further extended. 

The first process which takes place when the embryo plant 
contained in the seed is about to assume an iudopondont 
existence is termed germination. In order to describe this pro¬ 
cess, wo must first explain the structure of the sood. Wo will 
take the common garden bean as an example. It consists of an 
integument, covering, or cose, termed the iteia, within wMoh is 
enclosed the embryo, or immature plant. ' Oh dissecting the 
Heed, two large oblohg and flat bodies are observed, which bear 

t ome roBomblanoo to loaves, and are termed eptgU&ona. The 
•ean contains two of these organa, but other kinds of plants 
have a greater number, whilst a few spociim ore destitute of 
them. ' On separating thu cotyledons, a small bud-like projec- 
tios is Been } this is called the plumule, and it consists of ex¬ 
tremely Boinute leaves. At the base of the plnmnle is the 
epreufe, or germ of the future plant. From the lower port of 

the corcnlo tapers an elon- 
gatlBu, which, during the pro¬ 
cess of germination, is termed 
the radicle, and is subsegnontly 
developed into the root. Tho 
ooroule is connected with tho 
cotyledons, from which it de¬ 
rives its nutriment, by suitable 
vessela. 

When the seed is placed in 
the soil, and supplied with 
tho heat and moisture neoSMsay for germination, that process 
soon takoe ^Iplaoe. Tho seed abaoxbs moisture, becomes soft, 
increases greatly in size, finally bursts. Ihe temperature 
at which this first effort of the vital forae takes place is dif- 
- f erent in the cose of different plants ; for all varieties it must I 
bg above 32° Fahr. The sse^ of the plants of temperate { 
Icliisates regnire, with lew exoeptionii, aiemporatnre of at least 
*40° : whilst the seeds of tn^kwl jdants do no! in geUesal 
^gerffhiato under 70°. Aoootdlng to Snobs, plants ^ not 
gxnr vigOKnu^ when produetd frogs iN«f& which hare been 
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germinated at a low temperature; on the other hand, sesdgi 
germinated at too high a temperatirre do not produce haaitby' 
plants. 

. When the testa bursts, two shoots issue from the seedi one 
^tho plumule—springs upwards, and is gradually developed 
into the stem of the plant; whilst the other, sinking into the 
soil, becomes in process of time the root. Dtuing these 
changes, the oomjmsition of 
the seed undergoes important 
alterations. Its insoluble 
starch is converted into solu¬ 
ble sugar and a gum-like 
Bubstonoe termed deteirine, 
with which the young plant 
is chiefly nonrishod. The 
albuminoids, or nitrogenous 
matters originally present in 
the seed, also ore employed in 
feeding the young plant, and 
they grodnally disappear from 
the seed. The cotyledons 
being thus deprived of the groat bulk of their starchy and 
albuminous constituents, sometimes perish; but very often they 
make thoir appearance over gronnd, acqnire n gi'een colour, 
and for a brief time discharge the functions of loaves. ' 

When the cotyledons begin to act upon the atmosphere, the 
independent exisWioe of the young plant oummenuea. Up toi 
this i>oint oxygen gas is absorbed, and oarbonin acid gas ex-' 
haled; but in future the plant will absorb carbonic acid and* 
exhale oxygen. The great balk of the seed is made np of 
storcdiy matter, which, being insoluble, is not capable of 
nourishing the plantlot. Tliere is also present in the seed albu¬ 
minoid bodies—subatanoes containing nitrogen—which are very 
liable to enter into a state of fermentation. During gormimi- 
tion a portion of tho nitro- 
genons matter ferments, and 
becomes the pocnliar snb- 
stanoo termed d^aateue, which 
possesses the property of con¬ 
verting starch into sugar and 
dextrine. It is stated that 
one part of diastase is capable 
of converting 2,000 parts of 
insolublo starch into soluble 
dextrine and sugar. This 
curious attribute of diastase 
is oommon to the albuminoid 
bodies found in plants; tliey 
are termed ferments. The 
albuminoids ere like starch, 
insoluble in tho ungorminatod 
seeds; but during fermenta¬ 
tion they become more or 
loss soluble, and thus contri¬ 
bute to the nutrition of the 
plontlet. 

So soon as the young plant 
has exhausted tho stores of 
organic food supplied by its 
parent, it enters upon the 
second stage of its existence, 
and now begins to vegetate. 

Henceforth it must depend 
npon sir, soil, and water for 
its existence, and it must 
elaborate these mineral snb- 
stanoes into tho variona tis¬ 
sues of its straotore. We shall now explain tiie nature of 
the mineral food of plants, and tho means by which they 
absorb it.' ■ 

We have already stated^ that the great bulk of vegetable 
matter is oomposed of the elements oxygon, hydrogen, nitrogen, 
and oarbon. These elements exist in the air—carbon as car-! 
bonio dioxide (cosbonio aoid,a oompound of twelve ports of carbon ' 
with twenty-four parts of oxygen); hydrogen as water (hyirio . 
oxide, oomposed 61 two ports of l^dwgsn united with sixteen 
parts of oxygen); nitrogen in a free state and in the form of 
ammonia (a oompound:^ fourteen parts of nitrogen and three 
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y puis of liydro^); and oxygfen free and (oomblned witii hjdzQffen 
rand OBid>o&) in the formi of water and oarboaie aeid. The 
greater part of the food of plants is undoubtedly supplied by 
^e atmosphere, but it would appear that the free osygen and 
nitrogen of the air are not assimilable by plants. Were the 
free nitrogen of the air oapable of fumisl^g plants with the 
amount of this element wUoh they require, ^ero would be no 
neoeasity for ap^ying ammeuiaosi] manures to our soQs. Before 
further considering this point, wo ehall state the composition 
of the atmoiphere whioh snirounds our globe, extending to a 
height of atleast forty-six miles from its surfaoe. 

AYsaaox coxrosmon oj the ATKOSPHnitB. 
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Aooording to Vllle,^ there ie but one part of ammonia in 
28,090,000 ports of air; hut Angus Sm^ found a larger pro- 
pordoD—one grain in 4]2'42 cubio feat—in the air of Man- 
ohester. Small as this proportion of atmospheric ammonia is, 
it appears to bo sufficient for tho purpose of supplying unculti¬ 
vated vegetables With sufficient amounts of nitrogen. In the case 
of most kinds of oultivated plants, it ia, however, found neoes- 
sary to eupplemont the atmospheric ammonia with nitrogenous 
manures, such as Peruvian guano, ommonio snlphato (aulphato 
of ammonia), sodio niimto (nitrate of soda, or ouhio nitre), 
and the various “ natural manures ” obtained in the farm-yard ' 
and «leowhere. By tho decay of organic matter in the soil, 
ammonia and nitric acid are produced, and both are sources of 
nitrogen to vegetation. Nitric acid ia formed in the atmosphere 
by the oxidation of ammonia under elootrioal infiuenoes; and 
every year several pounds’ weight of this substanoe descends 
upon every acre. Potassio cyanide (cyanide of potassium) is 
capable of yielding nitrogen to plants, as is also, as I have 
shown (“ Transactions of the British Association, 1857 ”), urea, 
the chief nitrogenouB matter in fresh liquid manure. It has 
been contended that tiio soluble organic matters in the soil 
directly furnish nitrogen to plants; but the weight of soioutific 
ovideBOo is against ^s oseumption, as it is also opposed to 
the statement that vegetables are oapable of assimilating tho 
free nitrogen of tho atmosphere. 

The absorption of carbunio dioxide by plants takes place 
ohiofly through tho “ breathing poroe,” or stomofo,” of their 
loaves. In sgricultaral plants the stomata are nearly altogether 
found on tho under side of the leaves; they ace very numerous, 
the leaves of some species of plants containing more than 
150,000 per square inch of surface. The stomata oommunioate 
with tiio intercellular spaces in the plant, and oonsequently 
the air has ready ocoeee through them to the interior (rf the 
vegetable mechoinism. It is chiefly by means of the stomata 
that tho excessive water absorbed by the root is exhaled; 
and through these openings tho gas generated within the plant, 
and not required for its nutrition, is got rid of. 

Plants cannot grow in the dark. Fungi appear to be excep¬ 
tions to this rule, bnt tlmy are not in reality, for they caiuiot 
grow in the absence of light, except at the expense of the juices 
of other kinds of vegetables. The carbonic ^oxide, water, and 
ammonia, token into the vegetable mechanism, ore decomposed 
under the stimulus of tho solar beams, and their elomenta 
organised into the various structures and products of the plant. 
All the ojygen taken into plants in the form of oarbonlo dioxide 
is not required, and therefore a large proportion of it ie exhaled , 
^through tile stomata into tho atmosphere. Carhenio dioxide j 
ig a poisonous gas to animals, whilst oxygen ia the vital prin- { 
oiple bf the air which they breathe. Plants, therefore, by | 
absorbing oaxbonio dioxide and exhaling pure osygsn, sot as j 
pursers of the atmosphere y while, on the other ha^, animals, | 
inspiring oxygen and expiring ouboqio dio>ide» inditeotly | 


' contribute in on impociaat manner to the nutritioa of the vege- 
I table creation. 

The stomata have oontmotile powers, which subserve' useful 
I purposes. For example, under the influence of a dry atmo* 
! sphere, the size of these openings decreases, and thereby pre< 
vents too rapid an oxhalatioa of moisture from tho plant. 
' Moisturo is indispeneable to vegetable life; and id gtowmg 
' plaste wore deprived of all, ox nearly all, tho water which they 
. contain, they would speedily perish. Under the stimulus of 
! light tho stomata increase in siae, and absorb more carbonio 
dioxide. Plants grow, other conditions beir^ equal, in propor¬ 
tion to the amount of the sun’s light and heat which &ey ^ 
ooivB. 

Tho mineral or ash ingredients of plants ore absorbed through 
I the roots. Some of these ingredients—the alkaline salts for 
j example—are soluble in pure water { others—snob as, for in¬ 
stance, calcic phosphate—require for their solution water con¬ 
taining oaxbonie ffioxide, and certain saline matters which in¬ 
crease the solvent power of water. The water contained in 
the soil holds in solution carbonic dioxide, and other matters, 
by means of which it is enabled to dissolve all tho mineral 
snbstawcos required by plants. Tho term spongioles has 
been applied to the fine points of the branches of the root, 
and until recently it was tho belief of vegetable phyajologiste 
tlmt absorption of water and other matters took place only 
through these fibril or rootlet terminations. Ohlert, however, 
has shewn that the real absorbing surface is close to, but 
not actually at, the tips of the toots. Every part of the roots, 
tlio fiiidenms, or eovoiing of whioh is young, thin, and soft, 
apiiears to bo more or less capable of absorbing plant-food; 
but they have not pores corresponding with the etomata of the 
leaves and stems. 

The green colour of the lea\,e8 and sterna of plants k due 
to tho presence of a pigment termed chlorophyll. 'When tho 
green colour of the leaves disappears, tho growth of the plant 
is wholly or in part arreated, and the inorganic forces ore at 
work. 'The ports of the plant engaged in the absorption of 
carbonio dioxide possess colour, generally green. When parts 
of growing plants arc kept in darkened situations, tho forma¬ 
tion of chlorophyll is prevented. It is by this means that tho 
blanching of that favourite esculent, celery, is efieotod. 

TECHNICAL DRAWING.—VII. 

woonKJf BBiDOus (eontiluied). 

At each end of the piers in the water, in cases where several 
rows of piles are driven, a sort of cutwater should be formed, 
in order to ward off heavy bodies, such as floating trees, ioe, 
etc., and prevent them from injuring tho superstructure (called 
in German constructions, “ Eisbrocher,” or ice-breaker). This 
is nanally done by driving one pile by itself in advance of tho 
rest, or by fbrming wbat is called a “ dolphin " at each end of 
the pier. 

The piers and abutments shonld, of course, be mode in 
every case sufficiently strong to resist tho thrust of the arch. 
In the case of small bridges, where tho distance between the 
supports is BomotimoB as much as twenty or thirty feet, 
longitudinal soarfod girders may be laid upon tho caps of tiie 
piles. Under such circumstances, as wo have seen, there is 
nothing but the weight or perpendionlar pressure to bo pro¬ 
vided for; and the same may bo said of timber bridges of 
greater width for roads, and even for railways, provided the 
distanoo between the piers does not greatly exceed ten or fifteen 
feet. Beyond that opening, however, bridges are usually sus¬ 
tained by etruts or tension-rods, or tho ro.adway timbers are 
trussed eo as to exert an oblique pressure upon the,supports; 
indeed, in all instancea of tho kind, where the bays bm fmmod 
upon the principle of compreasion or tension, the piers must 
be so formed as to counteract tho tendency constantly exerted 
to force them ont of their perpendionlar position. This must 
be done cither by making the piers of sufficient weight and 
Btrcngth to Overcome any force that may be exerted against 
them, or else to oounterbalanoo tho .efforte of one bay or arob 
acting in one direction, by a similarly acting arch or timber 
frame exerting a Uko amount of force in tbo contrary direction, 
(^e former of these methodi is employed in the abutmeuts of 
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a bri'dge, whilat the latter is iiiTpiably adopted with reepeot to BetnmiBg, then, to the drawing (Fig. 32), the horizontal line 
piers. drawn is to be the top line of the oross-beams, wfaioh in 

The roadway of timber bridges is nsnally a flooring of boards Figs. 36 and 37 are lettered c. Now, in iihe front elevation 
laid upon the joiats, for, in cases where aand and stones are these are seen in eeotion; but, ae you will reqiaize the earn* 
employed, it ia found that their weight, together with tiie height in the aro8B>aeotion (f%. 33), draw thk line of indefU 
imuidity th^ engender, oauses the tubers of snoh bridges nite length at once; and this system of projeoting one view 
epeedily to d^y. This, however, ie far from being a genml from the other is to ^ carried on throoghont, as thereby mnoh 
rule, and many splendid orections bf this desoription are rapidly time will be saved, and greater aocoraoy ensured, for it is by far 
being destroy^ owing to a want of attention to this important easier to oontinne a line at onoe than to "piece ” it afterwards, 
partionlar. Somo have proposed to oover the surface of the Next draw a second horiaontal line under the oi^r, at snoh 
roadway vriih lead, iron, copper, dto., bnt the inereosed expense a distance from it as to give the lower edge of the (TOsa-pieoei^ 
will be a great obstacle to their frequent introdnotion. Wood c, and then, having drawn the irregular line representing the 
pavement forms an excellent covering for timber bridges, and bod of the stream, draw the vertical lines, which vrill form the 
is highly rocommendod by various engineers. sides of the stmts, d d (soon in front elevation). 

The parapet, or band-rail, of these bridges ia frequently of Now, on roferr^ to the cross-section (^. 83), it will be seen 
wood, or it may be of cast and wrought iron. Now, however, that preoisely this same arrangement exiata in regard to tho 



that it has been shown how impor- ~ X/T j".I [ j | T jXX middle pile—namely, that it is 

tant an addition to the strength of clamped between two crosa-piooea, 

a bridge tho sidoa of a beam are, and against these two struts abut. 


and that it acts usefully in the 

dinotioB of its depth, if it has only nifficient breadth to pre¬ 
vent its yielding laterally, it ought in every cose to bo made 
available to sustain the bridge, in addition to its present pur¬ 
poses' id ornament and protection. 

Fig. 82 is one of three bays of a wooden girder bridge, wbioh 
is the Bimplest blasa of snob oonstractions, oonsisting merely 
of boiima laid aeroaa the stream and supported by piers 
formed of wooden framework, from whicdi stmts spread out 
on eitW side, which ei^nd the bearing effect of tho piers, 
and BO diminish the length of the girder which ia left unsup¬ 
ported. 

In copying this example first draw a horizontal lino, to form 
the top of elevation of one of the oroae-pieoos, which, rest¬ 
ing on purlins, clamp the piles forming the piers between them. 

As tiuB po^on of the struotnre ia ahown om an enlarged 
epale in F^. 86, the lettering here given will apply to that 
illustratioa. a' a', then, is tho front elevation of the pile 
•gainst which the struts, d, are firmfy bolted, and on to these 
purlins,/, iwe notched. These stmts, too, are halved on to 
the pile at their upper ends, so that thpy olanq> it between 
ibam. This arrangement ia shown in lig. 87, which ia the 
dda elevation. 


These cross-pieoes are shown in sec¬ 
tion in Fig. 33, tho stmts being merely represented by the 
three perpendicular lines under these. They ore, however, 
shown in elevation in F^. 32, where their effect of adding to 
the BteadinosB of tho frame wiU bo evident. 

The foundation of the pier being thus completed, next draw 
the nprighta and the oross-timber resting upon them. This is 
shown in its full length m Fig. 33, and in section on each of 
tho 'piles in Fig. 32. The upper line of this croas-timber 'will, 
of course, form the lower Une of the main girders resting 
upon the cross-pieoea. Now draw the upper edge of thsae 
girders, which, of course, ore seen in elevation in Fig. 32, and 
are represented by seven shaded squares in Fig. 33, ‘these 
squares representing the seotions of the seven ribs, which will 
‘thus be seen to be n^e of square timbpr. Each of these girden 
rests immediately on a pile, so that the bridge ia supported by 
seven ribs. You will now draw the stmts, and as these am 
here placed at an angle of 45°, yon oan use yonr set-sciimre, cct 
of course, yon oan find tho exact inolinaHon, whateven that 
may be, by measuring the distanoes of the upper aad l ow e r 
ends of the stmt from the i^t angle. These stmts am now 
to bo added to the eross-aeotion S3), from which it will be 
seen that they e» narrower la 'ihia direction thoo in tiie otiier. 
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The horuontel line forming the top of the flooring of the brUige 
is now to be drawn, and as tiieee planka, of oouree, run at right 
angles to the girders, their ends are shown in 32, whBst 
their length is shown in Fig. 33. 

J%. 34 is an^ example of a bridge in which the stmts abut 
against oentre-pieoes, placed on the under side of the girders, 
l^ey do not, however, touch these contro-piecos directly, but 


Fig. 40 is an illustration taken from a five-bay girder bridge 
in Germany. This is supported on stone abutments and piers, 
the bearing of which is extended, first, by two soddle-pieoeB, 
the uijpec projecting below tbo under ono, which, in its tom, 
projects beyond the pier. Next, the bridgo itself is formed of 
double girders, one above the other. Now the upper ono is 
supported by stmts, which are shown in the longitudinal sec- 




erosB-timbers, the sections of which nto shown in the elevation, 
are placed as end-ties, and against these the struM abut. 

The heads of the piles are united by a waling-pkne, on which 
oyer each pile, a saddle-piece rests, supported by stmts. This 
gives a mnoh broader gurfaco on wMch to rosi; the girders, 
which are scarfed at this point. ’ 

In drawing this bridge, the system is precisely similar to that 
adopM in the former mrample, and theroforo no further ex¬ 
planation need bo given. 

Figs. 38 and 39 are examples of scarfing the girders, and of 
the methods of sapporting them. The latter method is that 
adopted in the preceding study. The subject of scarfing will 
b* treated in “ Buildidg Ckmstmotion." 


I tion (Fig. 41), and as cross-timbers passing transversely beneath 
the lower girders arc bolted through to tlie upper ones, the lower 
girders may be said to be snspomled from those above them. 

Prom Fig. 42, which is a transverse seotion on tho line a 6, 
it will be seen that the footway is raised to a higher leva] 
than the roadway by means of square timbers resting on trans¬ 
verse beams. The roadway is laid upon round timbers, which 
are extensively used in Germany. 

Although only ono bay is given in tho examj^, the student 
is’advisod to draw more than this (of ooursc tenk larger soak), 
as the practice thus obtainod will be of great service to him. 

In commencing, rale a straight line fur tho bod of tho river, 
and draw the foundations and embankments. Next erect per* 
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pandienlani on tto niddle of th« foimdaiioiui, it tab u oentre* 
liim for the piwa. Qa theie perpeBdioslm> taaxh off the 
heights nf ihe oomioe and oapping cff the piers and ahntnents, 
and diaw the leqnbed hoiisontals; on these, mark off the re¬ 
spective widths from the oentra-liioe, and complete the piers 
both shove end below the oapping, 

Hie profile (or side view) oS the abntmeat now leqniies onr 
attention,' the next task being that of drawing it at the same 
slaiit as the iddeB of the piers. Now, in this bridge the space 
between'the abutment'and the pier is the same as '^at between 
aiqr.two of the piers; therefore, measure that distance from 
centre to centre, and from the central perpendicular of the last 
pier mark off ^is distance on either of the honzontals, and 
through the point thus obtained draw a perpendioular, which 
will be to the profile of the abutment as the central perpon- 
dicnlorB are to the piers; therefore, proceed in the same manner 
to set off half the width of the pier on the horizontolB, and 
thus complete the abutments. 

The double nuddle-piocos resting on the piers and abutments 
are to bo drawn next, and then the donblo girdera. 

ANIMAL COMMERCIAL PRODUCTS.—IV. 

BTJiaNAiiTiA, (continued). 

Thx skin of tho lamb is made into ooUars, muffs, gloves, and 
coat-linings. The most valued of these sldns are famished 
by Sonthom Bnssia, Qroeoe, and Hungary. Beautiful block 
Iwb-skins ore iniportod from tho (Irimea, and others still more 
lioh and glossy, with a short fur, from Astracan. Tho Inmb- 
.. rtins from Persia ora known by the curl of the hair, which is 
produced ortifioiidly by tying up tho lamb, as Boon as bom, in 
a leathern skin, and thus preventing the hair from expanding. 
These 'Persian iamb-skins are need for ooats and other garments. 
The skin of the foetal calf is used for covering trunks. 

The principal fnr marts for the English or Canadian furs are 
London, in Upper Canada; Fort William, on Lake Superior; 
and in Lower Canada, Montoeal, on the Biver St. Lawrenoo. 

IL-PESFUMES. 

The Musk Deer {Mosclms moseMferus,L.; order, Kuminauiia). 
—^Tbis animal, which furnishes the well-known perfume oolied 
mask, is about the size of a roebuck, without horns, legs very 
slender, and in all its movements exceedingly active and gracnfnl. 
The musk door is found in herds in the mountains of Central 
Asia, and in some of the larger islands of tho Indian Oouan, 
emoh as Ceylon, Java, Sumatra, and Borneo. It is a shy animal, 
fond of pTodpices and almost inaooessible crags, and therefore 
very difficult to shoot. The musk is produced in a glandular 
pouch in the abdomen, and is peculiar to tho male. It is in the 
form of reddish-brown ooorse grannies, and greasy to tho touch. 
The avmngo quantity which can bo removed from one pouch is 
' about 190 grams. 

' Musk is known in oommeroo-nnder two forms—as Tonquin 
nt Thibet musk, which is the most valuable, and Siberian, 
JB[abardinian, or Bussiau musk, of inferior quality. Tho Oriental 
>or Tonquin musk, from Cochin-China and Tonquin, is imported 
ia email oblong, rectangular boxes, which ore lined with lead, 
to prevent the escape of the odour; the musk bags, wrapped 
in *hi« blue or red paper eovored with Chinese characters, are 
placed in these boxes. Those musk bags are usually oovered 
with hairs, which' all converge towards the little narrow opening 
in the bag. The weight of each bag varies, some not exceeding 
half an ounce, whilst others weigh upwards of two ounces 
Largo numbers of musk doer are an n u a lly killed. The annual 
import of musk into the United Kin^om is upwards of 
10,000 ounces. 

Besides these uses, musk also posaessoa valuable remcduil 
qualities. V^on genuine, it is one of the most powerful of 
.ttie anti-spasmodios, and ia applied with advantage in cases 
of infantile spasms, when not apoompaniod with infinmmation. 

Civet Cat (Viverra civetia, Gmelins.^ar, Carnivora ).—A native 
of Northern Africa, and especially wmmon in Abyssinia, allied 
tethe pole-ort marten. Body from two to,three feet long, 
and frm tem to twelve inches-Ugh; tail half as long as the 
body. This animal yields a perfume which ie thus obtained :— 
! Hk oivet, when oapturod, is «aiBloisd..4a a smaQ oage, in which 


it oannot torn resiadt tnd whiis thhs oonfinedk ths ssoiwtbm 
is Removed irtaa its large anal pouch two oc time times a 
wew with a spoon ot spaksla. Hie interior of..(3ie ponoh is 
glandular, the glands seoreting the perfnine from ito blood 
of the sninud. The nhstanoe itsdf to‘of a psle-yellbw oedour, 
and of the oonsistenoe of honey. It to not unlike' unsk, and to ' 
most persone emells dtosgreeab]^; but wW mixed with butter, 
was, lard, and alcohol, in the proportion of 1 part to 1,000, 
it loses its offensive oharaotca, and becomes aenloatio and; 
dolioately fragrant. Thus prepared it to nsed.M perfnmery, 
and when employed renders more peroeptible oth^v^ts 
whioh it to mixeA Lavender and other scented waters beoomo 
I more agreeable by the addition of minute quantities of oivet. 
The substanoe is not so muah in use now as fonnerfy; never¬ 
theless, there is still a considerable oonsnmpidon of it in this 
country, and as muoh as forty shillings on ounoq is paid for it. 

Viverra tibetha is another speeies of civet oat, peculiar to the 
Asiaiia oontinent, and found from Arabia to Malabar, and in 
the larger islands of the Malayan Archipelago. It to mnoh 
n^der in its disposition than the iUrioan apeoiea, and to domoa- 
tioated by the Amba and Malaya'. Onr snpplios of civet ore 
also derived from this animal, although to a lesa extent than 
from the African apemes. 

Castoreum, wUoh atrongly resembles musk in its medicinal 
qualities and applications, is furnished by , the beaver (Castor 
jitor, L.). This substance is seorotod in the interior of a littiq 
bag or ponoh, with whioh tho beaver is supplied. It is brough^ 
to morkot, like the njusk, in the pouch. Tho best Castoreum 
is that from Bussia and Siberia; a very good quality is furnished 
also by Poland, Prussia, Bavaria, Germany, Sweden, and Norway; 
an inferior kind cornea from Canada and the territoriea formerly 
belonging to tho Hudson’s Bay Company. 

Ambergris .—This substanoe ia obtained from tho sperm whale. 
It ia an expensive drug, beoause not frequently found, and is 
valued on aooount of the oxcellenoy of ita fragrance. Amber¬ 
gris ia a morbid or diseased ooncretion forinod in the stomach, 
or probably in the gall-ducts, of tho sjierm whale, in masses of 
considerable size, sometimes weighing thirty or forty pounds. 
It is usually found floating on the surface of tho water, probably 
disongaged from the floating body of ono of these monsters,' 
and ia rarely sought for in the mtostinos of the eperm whalo, 
although it to worth a guinea an ounce. It is fished up in tho 
Indian Ocean, near the Moluccas and Philippine Islands; also 
near Sumatra, Madagascar, and on the coast of Coromandel. 
In tho Atlantic Ocean it is found near the West Indies and the 
Brazils. Ambergris is used as a costly fronldnoenae, principally 
for perfumes, especially in Franco. It has also the property of 
inoreosing the power of other perfumes when mixed with them,' 
and it is principally for this purpose that it is used. 


OPTICAL INSTRUMENTS.—I. 

By Samuiu'. HieaiET. 

SM!CTAC1-BS—THU ETE. 

One of the first offices tho optician is called on to perform to to 
aid humanity, when through age, defect, or absolute disease, the 
organs of vision deviate from the very perfect optioal arrange¬ 
ment that charaotoiisoa tiie normal eye. 

The Normal Eye.—Every porfoot (oi as it is technically 
termed, normal) eye poBBeBses the power of “ accommodation” 
that is, of adiusting itself for different distances, now looking 
at something near, as a book at reading distance, then at some 
far distant object, presently taking in at a glance the range of 
an extensive 'view. 

In a normal eye the whole t^paratos of aooommodation is 
so beautifully balanced, its functions performed with sooh ease 
and accuracy, that although in reality a voluntary act, its 
duties are from early ohil^ood fulled intuitively, impercep¬ 
tibly, and unconsciously. 

A familiar exemplifloatiop of the power of aooommodation 
may bo made by pWing one objeot at a yard distance from the 
eye, and anothOT at tix yards beyond it; on looking intently at 
either to* are conscious of the presence of the other, but wo .do 
not discriminate its dotaito; on fixing ono, we lose the definition 
of the othor. Again, if tite letters of a book, hold at some 
distance from the eye, be looked at tfaroogh a gaaae veil plao^ 
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Ill 


marar tih« 0701 it will bo fotmd that ittwn the letters axe aeen 
diatmoi^ tte will bo seen indiatinotly { and otmveredyi'if 
tite is seen dietinotly, the lettert will be seen tndistiaotiy- 
These expenments demonstrate that images of objeots at 
different dietanooa from tiie eye oaanot be defined at ihs same 
time upon the retina. 

The human eyo is a camera obaonra, furnished trith an achro- 
matio lens, compounded of three' principal parts, namely, the 
aqaeous humour, h (Fig. 1), held in place by a tranapaiont 
horny oapsnle,' the cornea, g; the enjstallime lens, m, the 
pnncipal nuacting ipedinm ; and the vitreous humour, q, which 



•oonstitutos the main body of the oye, in which optical combina¬ 
tion the ii-is, m, placed between the aqueous humour and the 
crystalline lens, pluyr. the part of a sAf-adjnating diaphragm; 
the circular lopening or “stop” in tho pupil expanding when 
the light is feeble or tho object ’I’icwod is distant, and oontmet- 
ing as tho light becomes more and more intense or when tho 
object viewed is near. This compound Ions projects an inverted 
image of an object on tho retina, 0 , which corresponds to the 
focussing glass of the photographer’s camera. The retina is a 
delicate and sensitive network of norvons filaments springing 
from the ejific nerve, ,r, that conveys to tho brain the impression 
of an imago focussed on the retina. Tho sc/wofie, h, a tough 
white membrane, forms tho wall of tho eye,- and oorresponds to 
the rigid box of a camera, and to this wall are attached tlie 
various mnsolcs that (like the hands of the inhotographer) direct 
tho eyeball to tho object. The sclerotic is lined with a delicate 
membrane, tho choroid, c, coated on its inner surfaco with black 
colouring matter {gyigmentum shown behind o, which 

serves tho same purpose ns the black pniut or velvet on tho 
inside of a comora, viz., to reduce to a minimum all internal 
reflections. 

So far tho comparison between the eyo and a camera is perfect, 
bnt hero tho parallelism of properties ceases. In the ordinary 
camera tho imago of an object is received on a flat plate of glass; 
but, as a oousoqnence of every lens being subject more or loss 
to the defects of spherical aberration, if the] central portion of 
tho object is perfectly depicted on tho screen, tho marginal 
portion will be distorted and indistinct, through tho marginal 
rays emanating from that object being blurrwi by the focal 
point falUng short of tho focussiog gloss; conversoly, if tho 
marginal rays are brought to foon^ on the screea, the oentml 
portion of tho imago will booome indistinct through being out of 
foouB. In tho human eye, however, the retina being the most 
perfect form of focussing screen timt oould be designed—^viz., 
hemispherical or basin-shaped—the delineating rays fall on its 
surface in the precise ratio of their lengths. 

In the above general description of the oomponont parts of 
tho Immau oye it is siatod that tho external walls or sclerotic 
correspond' to a rifiid camera, that is to say, one wherein tho 
boxi is not made with a telescoino draw, to obtain facility 
for focussiiig near and distant objects. In a tolescopio 
camera, on pointing tho le^s to a near object, we have to 
draw the focussing glass away from the lens to secure a 
sharp imago on tho ground-gloss screen (or retina of tho 
camera), while on pointing to a distant objoct;we must push 
the screen nearer tho lens to obtain tho same rosnlt. Now it 
might bo supposed that tlio act of fooussing (or power of “ ac¬ 
commodation,” as it is termed) was obttdned through the 
eUstioity of t^e walls of tho eyeball (acted on by sympathetio 
muscular power), in the one ease elongating, in tiie otW eon- 
traoting in length in tho direction of its axis; but tins is not 
ttie ease. Oraat has been the disousaion saastag physuflogistB 


as to the exact mesas by wbioh the acdommodation of the eyo 
to-far sad distant objects is really effected, bat general opinion 
at the present day is is favour of the view that it is iteongh 
ourvatore of the ozyatsUise lens being increased when near 
objeots are ^ewed, and deortaied wlm di^eat ol{jeoti are 
observed, and further by its ohange of retire distance between 
the iris and retina 

Tho ezperimente of Dr. Toong on persona deprived of the 
orystalline lens, and who ware thereby incapacitated from 
foonssing their sight, seemed to pnt the question of the power 
possessed by this po;^on of the fye beyond dispute; w^e the 
recent investigations of Cramer and Helmholtz have definitely 
settled it. 

'Whan the normal eye in a etate of rest ie adjusted for sa 
objeo^ D, at an infinite distance* (at or beyond 18 feet from 
the eye), the rays emanating from such an object being parallel 
are brought to a fooua on the retina (as alkown at i, Fig. 2> 
without any effort of aocommodation; but when an ^ject is 
viewed at a, finite distance, K (say, 12 inohee from tho eye), the 
rays emanating from endh an objeot becoming then divergent, 
th^ will no longer be brought to a foons on the retina, but to a 
point behind it, os at/(ilg. 2), if the eye does not nndergo some 
change which will increase its refractive power, and bring these 
divergent rays to a focus upon the retina. Tho normal eye does 
by its power of accommodation effect sneh a refractive procees, 
and, as Helmholtz found, by means of bis ophthalmometer, in the 
following manner:— 

Ist. 'The pnpil diminishes in size. 

2nd. The pupillary edge of the iris moves forward. 

3rd. The peripheral portion of the iris moves bookwards. 

4tb. The anterior snrfaoe of tho crystalline lens becomes more 
convex (and so acquiring a higher power of refraction, 
and consequently a shorter focal length), and its vortex 
moves forward. 

Sth. l%e posterior surface of tho crystallkm lens also becomes 
slightly more arched, bnt does not peroeptibly ohange its 
position; the lens, therefore, becomes thiokor in tho centre. 
And from calculation he found that these changes in the orystol- 
lino lens are quite sufficient to aeoount for all ocoommodative 
purposes. 

'The diagram in the next page, after Helmholtz (Fig. 8), 
shows tho changes which tho eyo undergoes during aoeovamoda- 
tion. The anterior portion is divided into two equal ports: tho 
one half, i, shows tho position of the parts where tiie oye is 
adjusted for distance; the other, v, when it is accommodated for 



Fig. a. 


near objects. When the eyo is in a state of rest, the iris forms 
a curve at a ; when aooommodated for near objects, the fibres of 
the iris become oontraotod, the periithory of tho iris atmightened 
at b, and the anterior chamber lenf^honcd, thus making up for 
its loss in depth, through tho advance of the anterior surface of 
the crystallino lens. The anatomical mechanism by which this 
accommodation is effected is yet an open question, but as it ia 
one of physiological vathor than optical importance, it need not 
bo herein discussed. 


• Tho niys omanating from a for distont ohioot, such os the 
moon, or a star, are rogarded optically os pnmllol, bnt practically, oven 
wlion on object is only ploood at cightoon or twenty feet distentr- 
tbe roya from it, thongh roolly divergent, are yet so slightly so, tha^ 
to all intents and purposes they impinge parallel upon the eye. We 
therofoie oonsidor rays coining from an objoe^ further than eighteen 
feet as parallel, and emanating from an obja^ at u infinite distoacr. ^ 
On the other bond, rays coming from a nearar ol^et fall npon the 
eye In a divergent direction (the dlvorgenoe being Inprwfortionto its 
proximity), oad an than considered M oomlng from a finUs dietanoe. 
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It » asanmed tliat when the normal eye ia In a state of 
Cibaolnte rest, paialld laya (e man a tin g from objeota filk an 
infinite distance) axe bronght to a fooua on the retina, and that 


rubber tube with a glass oup that siurounds the oyo while 
being used, and to this cap another tube is attached to carry 
off the liquid into a basin. Where the eye is to be subjected 


a positiTe ehange in the aooommodatiTe apparatus of the eye is ^ to ihe influence of stimulating vapours, a stoppered bottle, eon- 
only required for objects at a finite distance; butit is thought' stmoted with an ovaL-shaped cup to fit the sooket of &e eye is 


by some ophthahniata that the eye when in a state of rest is 
adjusted neither for its far nor for its near x>oint, but for a 
dktanee between the two, and that adjustment for oithor nearer 
or more distant objeota necessitates an effort of accommodation. 
Such aathorities oaJl the adjustment for near objeota positive, 
and that for distant objects negor 
Ova aooommodation 

It may be here noted fhat 
every eye has its “blind spot," 
whioh is situated at the point 
where the optie nerve enters the 
<^e, and from whioh it ramifies 
to form the network of the re¬ 
tina ; and iif the image of 'an 
object is made to fall npon that 
spot it will be invisible, as the 
puiictum cascum, os it ia oallod, 
is insensible to the action of light. 

This may bo proved in the fol¬ 
lowing manner :—I*y two blaok 
wafera on a sheet of white paper 

three inches apart, and at a ^stanoe of ten or eleven inohes, 
bring the right eyd'ezaotly over the left-hand wafer, so that the 
line joining the two eyee ahall be parallel to the line joining the 
two wafera. On olosing the left eye, and looking stmdily with 
the right at tho left-hand wafer, the right-hand one ceases to 
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employed. 

Ihe optician is frequently requested to; supply eye-glasses or 
epeotaoles to persons .who, they soon ^seover, a'to in no way 
aflocted in, tbeir organs of vision—in fact, are blossed with a 
normal eye. As a rule, euoh individuals desire what may bo 

called a “dandy glals” to stick 
in their eye-sookets, with whioh 
to assume a supposed fasbion- 
nblo appearance, and farther, that 
this shall be supplied at the 
lowest possible price. Tho article 
best suited to meet the want in 
suuh eases is a disc of piano 
white glass with a hole drilled in 
it for tho insertion cf a thin silk 
cord, by wliich it can be at¬ 
tached to tho person. It need 
soarcoly be stated that such a 
glass must bo perfectly devoid 
of all optical properties. In 
other and similar cases spoc- 
tades are desired to give the wearer a thoughtful or learned 
appearanoe; in such instances two plain glasses (not lenses) 
ore required instead 'of one, whioh might be called “ snob 
glasses.’’ In rare coses it may be found that aged persons of 
good constitution are desirous of purchasing a pair of spectacles. 


be vinbls, as in this position its image falls upon the “ blind j not from any absolute sliortcoming of sight, but from a notion 
apot.” I that as friends of similar or greater ago required tho optioiau’s 

I Aa the normal eye performs its delicate fnnetions to perfection, > eid, they also ought to wear them. In such instances tho 
it is evident that the inteiferenoe of the optioian can never be < applicants may be tested witli convex and oonoavo lenses before 
required, excepting to give relief when the organs of vision are i the real state of the case is discovered, os they see better with 


weak or euflering from inflammation, in whioh case an ordinary 
apeotaole-frame fitted with a fiat pieoe of tinted glass may bo 
fumiabed to the patient; or when it is neoesaaiy to carry this 
inoteotive appliance to greater perteotion, a frame may bo 
■applied with what are oidled “ glazed wings," shown in Fig. 4; 
while the most perfeot guard is to be found in a frame fitted 
with tinted glasses and a shield of fine black gauze that fits 
close aroimd the sooket of the eye, shown in Fig. 5. 

Ihe glass employed in the oonstmotion of these “Pio- 
tsotoiB *’ may be obtained of varioua oolonrs and tints, green 
and blue being ohiefly employed ; but the tint that admits the 
least amount of glare, and yet allows of the greatest amount of 
distinot Tision, is a nentral blue, the value of which has been 
xeoognised by moat ophthalmic surgeons and ooulists. 

Xtoted proteotora of this nature may also be given with 
advantage to travellers to guard them against the injurious 
refleotions from Alpine snows or the radiation from hot desert 

sands. Fitted with 



very dark glasses, ^ further from the 
they may also be i oyo with increasing 
recommended to 
those who have re- ' 
ceived injury to 


the naked eye than with spectacles of the lowest power. Tho 
proper oonrso is to state that spectacles would do more harm 
than good, a pieoe of advice that would be quite thrown away 
in the former oases. 

Range of Accommodation .—When tho eye has assumed its 
highest state of refraction, it is acoommodated for its nearest 
point of distinot vision; when, on the other hand, ii.B state of 
refraction is relaxed to the utmost, it is adjusted for its 
furthest point. 

The distanoe between the furthest and nearest point of 
distinot vision is called “ the range of accommodation." 

As inorease in tho convexity of tho crystalline lens is limited, 
its x>ower of aooommodation for near objects is also limited, 
and the “ tiear point" cannot be brought nearer than a certain 
distanoe to the eye. In normal eyes tho nearest point of 
distinct vision lies at about S^-inchos to 4 inohes from the oyo; 
this varies, however, according to ago, for the near point re¬ 
cedes.-further and 


tho eyes, in order 
to disguise the dis¬ 
figurement. 

In violent or iu 


years. 

Whore profes¬ 
sional occupation, 
such as engraving, 

' needlework, 'etc., 
necessitates eon- 
tinuedwork at near 


chronic infiammo- < objeota, the near 
tiou of the eyes the ' i>oint for distinct 



optician is often applied to for a shade tliat will give moro 
ventilation than i^e home-made article will allow of: tho best 
nxrongoment is one wherein the shade is suppoTtod on tho 
head by a metal framti in snoh a manner as to throw tho 
upper edge of tho shade slightly from tho forehead so as to 
allow a current of air to pasa over tho eyes, while by a pivot 
attached to the frame the shade can bo thrown buck when 
necessary. 

The optioian is also often reqiured to furnish an ’eye 
doaohe,’* by which 4ho organ can, to certain c.'isee of irritation 
Of! weakness, be bathed, 'niese usually consist of an clastic 
■yringe, by water or medicated liquid can be projected 

on the eye with any amount of fmo, eonnected by an india- 


vlsion lies at about five inches from the eye. Few eyes, it should 
bo observed, can bear to work for any Iragth of time with the 
object nearer tlian this. • 

The furthest point of distinot vision to the normal eye is at 
an infinite distauee. The amount of this “ range of accommo¬ 
dation’’ varies according to the strength of tho ciliary, mnaolos, 
tho elasticity of tiie oryataJline lens, and other ratoiit causes. 
It is moat important ti^t the optioian should carefully dotormtoo 
the” range-cf aooommodationtor each patient according to 
the methq^ hereafter given, as it swords a means of safely dis¬ 
covering Vhethor tiio aye w normal, presbyopic, hypermetropic, 
or myopic, and the kind -Of lens exactly suited to each particular 
case, togetimr sritb the most suitable focus for snoh lew- 
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CIVIL ENGINEERING.—II. 

BT E. a. BABTH0L03IEW, C.E., M.S.E. 

ODBAINING. 

WOBBB of diainage sro of two kinds :—Ist. Those which rolftte 
to the zeolaaiation of land from the enoroaolimonts or aoca- 
mnlation of tidal and other large bodies of water. 2nd. Those 
which relate to the remoral of sewage from towns. As respects 
agricnltoral drainage—by which we mean the improvement of 
the soil by the removal of mere surface moistaro—as it does 
not come within the province of Civil Engineering, we shall 
make no farther allusion to it. 

The value of the land overflowed by tidal waters, or by waters 
subject to rise and fall through floods and drought, is almost 
always very considerable, owing to tlto marine or alluvial de> 
posits whioh remain upon the soil. Some of the component 
parts of Boa-wator are highly fertilising; indeed, in many 
diatriots, especially in Scotland and Ireland, sea-weed forms the 
only manure employed by the farmer. Hence it has been found 
worth while to expend vast suras of money in order to shut 
out the water, and to drain the soil over which it hod spread. 

It is a matter of no ordinary difficnlty to contend against 
the variations and alternations of prossure produced by water 
whoso level is penietually and rapidly changing. Tliis diflioulty 
reaches its maximum in the case of tidal waters, cspeoially j>f 
such tides as arc experienced upon our own shores, where, in 
less than the space of 
twelve hours, there is a 
rise and fall of from 
fifteen to twenty-four 
feet, Tiio immense msh 
«f water in or ont of any 
passage communicating 
with the tides, renders 
the greatest caution ne¬ 
cessary, lost the barriers 
intended to withstand 
the pressure should bo 
carried away before being 
sufficiently consoUdatod. 

And yet in the face of 
these engineering diffi¬ 
culties, a*vast portion of 
the low land in Holland 
has been reclaimed from 
the sea; and in .this 
country upwards of lialf 
a million of acres of land in Norfolk overflowed at one 
period by tho joint action of the sea, and the rivers Witham, 
Welland, Ouse, and others, have boon converted into some of 
the riohost agricultural districts in England, from being, at one 
time, pestilent marshes. Ilow these particular results were 
brought about it is not our purjicse to explain; onr object 
is rather to state briefly the usual course adopted in operations 
of this kind. It is not, however, possible to lay down any 
jrnle of notion, sineo each operation will require some special 
.arrangements applicable to the particular locality; those matters 
must be left to tho discretiou of the engineer. 

Before oommonoing a main barrier of any kind, whether of 
-piles, earth, or caissons, it is desirable to ascoTtain, by a careful 
Aurvey of tho flooded districts and an examination of the levels, 
how for a judioions arrangement of canals and ditches may 
not avail to carry away a large amount of wnier by the mere 
effect of gravity, and also whether or not an ordinary dyke 
«i bank of earth, atrotchod across a bock-lying poHion of 
drowned land, may not anooessfnlly diminish its area, and thus 
render less difficult the final operation of olosing tho entrance 
to the tide, when this has been reduced to a minimtun by sub- 
eequent operations. These simple operations will frequently 
save an mmense amount of labour, for it is obvious that the 
larger ^e area of the submerged land, tho greater will be tho 
rush or leour of the tide as it flows over it. 

Whenever banks are erected across a flooded district, they 
ihoold'be oonstmoted with slaices or .f{ood-gates,-whioh can be 
opened or dosed when required, so that advantage maybe taken 
of a loww state of the water-level upon tho tidal or outlet 
aide, to dtsohargfe the excess upon the lend side. It is also of 
advantage to oonstruot self-acting sluices or outfall^ wUoh are 


simply strong doors or flaps of timber, iron-hinged at their 
upper edge, and opening only outwards, so that whenever the 
level is higher upon the land side, the greater pressure of water 
automatically opens these doors, and a discharge contiiiaes 
until uniformity of level is gained, when tho doors close by 
their own weight, and falling against a sill, effectually prevent 
the return of the discharged water. Those sluices, to be of 
most sorvico, mult bo construotod low down in tho dyke, and 
being usually out of sight, should be constructed with groat 
care, as any derangement in them would cause disastrous 
results. 

It frequently occurs that an, accumulation of fresh water 
arises from the simple overflow of a river during heavy and 
continuons riiins, or a sndden thaw. Snch floods are of fre¬ 
quent oecnrronco in tho south af Eranoo, and cause sorions loss 
of property and life. Tho remedy in this case is simple and 
obvious, although it may yivolve a oonsiderable outlay. Tho 
banks must either be raised and strengthened, or tho cbaniud 
must be deepened and -widened, or additional ohonnolS'must be 
out; tho end being in either case gained when tho sectional 
area of tho water-course is equal in every point to tho volume 
of water which has to pass it in a unit of time. 

In tho case of tidol waters, tho operations are very difficult; 
tho rush of tho ■in-flowing witar at every flood-tide, and of 
the oul-flowing at every ebb and the consequent scour pro¬ 
duced by this rush, has to be . ict, and tho smaller tho oiraning 

or gap, as compared with 
the t^t of land covered 
at each tide, tho greater 
-will this msh bo ; and it 
is only a barrier for more 
snbstantial than it is 
l) 08 sible to placo across 
any large opening, in the 
short period allowed be¬ 
tween tide and tide, that 
will Buflioo to -withstand 
■tlio force of tho current 
in the tide-way. Hence 
it is necessary to rodnoe 
tho width of thotide-'way 
to a minimum before at¬ 
tempting to close it. Tho 
most substantial barrier, 
and tho cheapest when¬ 
ever it can bo oiqployed, 
is earth; but this is use¬ 
less to stop an opening througli whioh a violent rush of water 
occurs, as tho soil -will bo carried away as fast as it is de- 
posi-tod. Earth con, however, be safely and advantageously 
employed as a base for further operations; using it iu all oases 
whore tho flow of water is icconsldcrablo, and thus gradually 
narrpwing the tide-way. When -this embankment (strongth- 
cnod according to discretion mth piles) has been carried os for 
as it can be with safety, there then remains the tide-way to 
close up. 

There are two methods of doing this. If tho depth of water 
in tho channel will admit of it, a donblo scmi-circalar or curved 
row of piles (i* P P, Fig. 1) n ay bo driven at short intervals 
apart across -the opening, loa-ving a space (s s s) of twelve or 
eighteen inches between tho two rows, whioh are to bo 
strengthened by cross-ties, braces, and struts (t t r). 

Tho curve must bo outwards, and tho driving of the piles 
should oommcnce from each side and finish in tho centre. At 
tho ends of tho curve, tho piles abut ujion other piles driven 
olosely together, and forming a prntection for tho extremities of 
tho earthen dyke, which would otherwise bo subject to injury 
by the scour of the water. Barges of stiff, broken clay and 
stones should be floated near tho outside of the piles, and plenty 
of labour ought to be at hand in order to take prompt advantaga 
of -the moment of low water. Tho clay and stones must then bo 
rapidly shot into tho space botwoon tho rows of piles ; and if 
tho organisation of labour bo good, it will bo quite possible to 
keep pace with the rise of tho tide in the deposit of tho soil, 
and oven to impart a certain degree of soli^fity to it by ramming. 
Suoh a barrier has tho elements of great strength in it; and 
although it may not bo altogether impervious to water, it will 
suffice -to prevent any considerable fl.ow, and will entirely stop 
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Fig. 1.— BABUIEB AT THE MOirrH OP A TIDAI. BASIN. 
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a rash or Rconr, thus enablii^ tbo pennanent embankment to 
bo eompleted, after vbioh the pilee oan be removed. 

The plan we ha’ve indicated will not, however, avail in all 
oasee. The depth of water in the tide-way may be too ^eat 
to admit of pilee boin^ annk anffloiently deep into the soil to 
gain a firm standing, or the area of the land overflowed at 
every tide may bo so extenRivo, that it will bo fonnd impoasiblo 
to narrow the tide-way by a continuous earthen embankment 
snffioiontly to admit of a barrier of piles withstanding the 
pressure. 

In such cases the following course may be adopted:—Lot the 
embaukmont contain, at frequent intervals, large flood-gates, 
oonstructeil during the progress of tho work, which can bo 
opened and sbiit at pleasure. When tbo gates are open, tho flow 
of the tide is spread over an opening equal to tho joint aim‘of 
tho space between tlio extremities of tho embankment and that 
of tho fiood-gatc.H, and will, cunsqcinently, bo loss in tlie on- 
finished opening when the gates are open than whim they are 
closed. Tlie soDur of tho tide befaig thus reduced, tho embank¬ 
ment can Iki eoiitinuod until the space of the tido-wayis reduced 
to a ptiint Bufiioiently narrow to admit of tho same course being 
adopted as shown in Fig. 1. The embankment oan then bn 
completed, and the gates being closed at low tide, the level 
of water over the oiiolosod 8_,noo will be proportionately re¬ 
duced. 

Under almost all conditions of the drainage of flooded lands, 
a surplus of water will romai even after all. ooinmunioatioii 
with the tide has been cut off, aad this surplus must be removed 
or kept under by pumping. Wind or steam power may bo 
necessary, indeed will be, if tho submerged district is ex¬ 
tensive. 

The bettor kind of pump for tho purpose is tho “ V,” tho 
“chain,’’ or tho “centrifugal,” as tho grit which enters tho 
pump with the water is sure to act dotrimontally upon tho 
ordimuy barrel and buokot pump, destroying tho leather and 
choking the valves. 

Constant attention must bo paid to the slniees, “ clows,” 
and gates, owing to tile great pressure they are frequently sub¬ 
jected to, and in consequence of tho serious results which would 
ensue from their failure. An' idea of the pressure exerted by 
water, wlien any considerable difforoneo of level exists, is formed 
by the fact that, at the moan height of tho tulo—sixteen feet 
above low-water mark—the pressure exerted upon each square 
foot of surface at the bottom is 1,152 lb., and half this, or 
57C lb., represents tho actual mean iirossure exerted by a high 
tide upon every vortical square foot of on ombankmont. 

The magnificent stone embankment recently constructed on 
portions of both the north end south sides of the Tliames, and 
wluoh has for its object, amongst others, tho narrowing of the 
channel in order to cause a, greater scour of water to remove 
the acenmnlatod mud, was carried out behind a protecting wall 
of olcfflely-fitting piles, in one portiim, and of oast-iron shields, 
dovetailed together with piles, in another. Tho percolation of 
water from tho river, which was considorablo, was kept under 
by steam-pumps-- Tho granite wall was completed'behind the 
wall of piles, and soil afterwards “tipped’’into -the space on 
ihe land aide. 'The foul black mud has thus boon buried, 
and the space it formerly occupied dovntod to a splendid 
oortiage way, a subterranean railway, and one of tho principal 
uulverta connected with -the main drainage system of the 
Ifetropolis. 

Sanitary Draina ^.—^But one opinion can exist as to the 
necessity for removing sowage from the vicinity of an inhabited 
district, although a variety of opinions ore hold as to the best 
mode of disposing of it. It is foreign to our purpose to adduce 
the various arguments -which have been raised for or against 
way partionlar system of drainage, and we shall merely stale 
what are tho various plans adopted. 

1. T7e consider the most desirable plan, when praotioablo, is 
entirely to remove tho offensive matter os far os possible from 
tite inhabited locality. This plan has been oacried out at great 
expense in the drainage of Lemdom 

u all coses of sanitary drainage it is neoossaiy to provide 
tee the pa.s8age of rain-water as wall as of mere sewage. An 
aefimate of the-taiafall in any pariuonlar locality, formed by 
taking an average of a snooession of years, is bardly snfficiont; 
it is better to seleot the miwtmvm rainfall in one day of a 
series of years, and provide an exeessive area in the oul-rerts for 


sneh a maximum, so that no danger from the flushing of tha 
sewers shall arise, even during a period of flood. This question 
was very carefully considered in dealing with the main drainage 
of tho Metropolis. 

To reduce tho amount of pumping to a minimum, it is de- 
sirable so to arrange tho levels of tho sewers os that as much 
as possible of the sowage shall pass away by gravitation. If 
: -the area to be drained were either a nniform level standing a 
definite height above the river or sea into which it is intended 
to disohorgo tho sewagu, or stood upon a regular slope down 
to tho i»int of discharge, no pumping would bo needed; but. 
when the ground is niiovuu, and some of it lies lower oven than 
Uio level of .the outfall, it will become necessary to pump the 
di-ainago from tho lower levels into the higher, from which 
alone the discharge can bn effected. How best to arrange 
those levels is a question of the highest moment in planning 
out tho positions of the sewers. 

Tho uneven nature of tbo ground ooctquod by Iba Metropolis 
necessi-tated throe different lines of sowers, each ootiupying a 
different level. Those, known as tho High, Middle, and Low 
level sowers, arc thus ai-raiiged : —Upon the north side of tho 
Thames tho three lines converge and nnite nt Abbey Mills,, 
near Bow, where tho eontonts of the Low Level are pumped 
into tho Upper Level bowcv, and tho aggregate stream carried 
across tho marshes to Barking Creek, tlu-ongh the northern 
outfall, and thore discharged iu-to tho river at tho jieriod of 
high water. Tho theory involved in tliis arrougemont is, that 
i as the flow of water towards the sea consists, during tho period 
of ebb tide, of the lai.tl water ji/as tho tidal water, the period 
of ebb tide is longer than tho period cifjloiv; henoe any object 
freo to move up and down tlio channel of tho river by tho 
action of tho tide, will be carried nearer and uearor the sea 
at each suecussivc tide. Buoh noom-s with tlie sewage. It is 
retained in an immense reservoir near tho outfall, until tho 
poriod of high water, and then discharged dnriiig a oertaiu 
time, tho time at whie.h the disohango is stopped being regulated 
by’tho state of tbo tide: the reservoir being an-aiged to con¬ 
tain an accumulation of oloven hours’ sowage. The groat object 
is that tho sowage, after its diseliarge into tho river, shall never 
be brought baiik by tho action of the tide to tho Metropolis, 
and Uiis is entirely eli'ootod by placing the outfalls from 
twelve to thirteen aud a-half miles by river bolciw London 
Bridge. . 

The soetiun of tho sewers is for the most part circular, as 
combining tbo greatest strength and capacity with tho least 
cost of labour and material. 

The smaller and subsidiary branches are egg-sliaimd, in order 
to obtain tbo greatest scour with a minimum amount of flow. 
This shape was adopted by the Komans in tbo Cloaca Maximo. 
which drains the whole of Home as well m tho Campagna. 
This culvert is fouitequ foot wide and thirty-two feet high, and 
its area is nearly snfficiont to drain the whole of the metro¬ 
politan district. Its section manifests a considorablo knowledge 
of tho power of deep water for scouring the bottom of a sewer, 
and thus removing the deposits. 

The motropolitan culverts are for the most part oonstruoted 
of brickwork sot in cement. Their area varies from four foot 
diameter -to nine foot six inohes by twelve feet. The thick- 
ness of the brickwork also varies from nine to twenty-seven 
inches. 

Tho necessity for maiutaining a nearly uniform gradient 
in the lines of sewers, and mote partionlarly tho necessity of 
making tho gradient always in one direction, oompolled ^em 
to lie carrioJ over or under every obstacle. As an instance of 
■this, w’o may state that tho Middle Level sower, on tho north 
tide of the river, is carried over tho Metropolitan Railway near 
Parringdon Street by a wrought-iron aqueduct of 150 feet 
span; its weight being 240 tons. 

A simUai: system of drainage is carried out on the south 
side of the river, tho convergence of the three levels being at 
Deptford Crook, whore also..id’ situated -the pumpi^-engine 
' for raising tho eewngsjJHom ihe Low Level to -the High LotbI 
sewer, a height of eighteen feet. The southern outfall passes 
thenoe to Cinssness, about one 'and a-half mUes further down 
the rjver than Barking Creek. 

■We append a summary d the principal points of engineering 
interest in this great work. The total oost of the main drainagv 
' works, wl^en completed, will be about Je4,10e,000, a ram xaiiid 
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by loan, and paid off by a 3d. rate levied os tbe llotropoliB, 
produoingr J180,262 per annum. It vrill require forty years to 
pay off both priuoipai and intnreat. 

There’ are 1,300 miles of sewers in Ijondon, and eigh^-two 
xniles of main eoworaj 318,000,000 bricks, and 880,000 cnbio 
yarda of conoreto have boon consumed; and 3,500,000 cubic 
yards of earth have been removed in the proffreas of the work. 
The total pumping iwwcr employed is 2,380 horae-power 
nominal, and the annu.'vl consumption of coal ia about 20,000 
tone. 

The sewage on the north side of tho Tliames is over 
10,000,000 onbic feet per day, and over .5,000,000 on the south 
side. In adiUtioti to this, provision is made for 28,500,000 
oubio feet of rainfall per day on tlio north aide, and 17,250,000 
on the south side ; the total being o(|\iivalent to a lake Cfteeu 
times as largo as tho Sorpontino. Tho rosorvoir iit Barking ia 
10J feet deep, and eoviirs an ui-eii of about 0.^ acres ; that at 
Crossness, with an equal depth, lias an arna of OJ aeivs. 

The importance of this groat ongitieuring work cannot bo 
overrated. It has totally changed (ho sanitarj’ condition of 
large areas of tho IVIidropolis ; and aUhongh not fully eoniplotod, 
has effeefiod an improvement lira sanitary iioint of view of which 
tho cost of tho undertaking forms no ciitcrion. 

We have enb'red sommvhat largely into the details of this 
work, as it forms tlic best example of that stem of drainage 
which aims at conveying away bedily the refuse matter. 

II. Many persons are of o]iiiiioii that to convey away and 
discharge into a river so enormous aqnaniityef .-ewiigo i.s a 
twofold evil: it poisors the w.ater, ambwastos a valuable fer¬ 
tilising agent. Tlioso who hold this opinion dilTer, however, 
as to the niamier in whidi they would treat tho sewage. Ill 
Beino iustanees, as at Croydon, the sewage is apidieil to tho 
entire level surface, ii-rigating tho plants or gi’ass at once. 
In other cases, as at Ilomford, the ground is intersoeted liy 
numerous shallow trenches, into vvliieh the sewage is pnmiiod, 
tho plants bchig omlioddod in the soil adjoiTiing the trenenos. 
Tho Howago thus passes to die roots througli*the medium of tho 
soil. Tlio whole district thus irrigated is itself drained, and 
tho effluent water pumped back into tho treiiehes. There can 
bo no question os to the value of sowago for agrieultural jiur- 
poBCS. Thesowagnof liotidonis cstiimited as worth .£1,500,0(10 
annually. Its v,alue, as shown at Soutti Norwood, is such, that 
over hft.vsilons of Italian ryi>-grass have been gi-own tlie aero in 
each year, worth from j 630 to jC 40. This grass lilis beoii pro¬ 
duced from six bitceessive crops in tlio twelve months, and (lie 
aggregate length of tbe blades is equal to fifteen feet. At tho j 
same time it is asserted that tho sewage, after being thus 
utilised, is actually as jmre as tho water supplied by seme of 
tho Mctroiiolitiui water companies, in the proportion of 23 
to 21 grains of organic matter per gallon. 

III. Tlmro is yet anuther system .adopted with respect to 
sewage. Leamington and Hastings are tho chief localities 
whore (.his system has boon carried out. It is known as the 
“ABO” process. Under this system Hie sewage is first 
deodorised and precipitated, tho effluent water being allowed to 
pass away into tho sea. or river, the solid residuum being 
utilised as manure. 

The “.A BO” ifc a patented process, and obtains its name 
from the initial letters of tlio three prmcii>al ingredients used 
in tho process of defipcation, alum, hlootl, andclay. Other sub- 
stanooR ore employed: for inslancc, the sulphate or cai'bonatc 
of magnesia, manganatc of potash, chloride of sodium, anim.al 
and vegetable charcoal. A mixture in certain projiortions of 
these Bubstaneos is luldnd to tho sewage .so long as precipi- 
tation takes place; tho average quantity roquired being 4 
pounds of mixture to 1,000 gallons of sewage. Tho )iartially 
dried precipitate has a small quantity of snlphnrie aoid added 
to it to fix the ammonia, and it is then regarded by the patentees 
oa a valuable manure. 

MINEEAL OOMMEKCIAL PRODUCTS.—VI. 

SILICIOUS BUMSTANCUS (ronliwed), 

SssrBNTiNB, so called from the supposed rnsomblanoo of tho 
mineral the skin of a seroent, is a silicate of mataiesia witli 
adventltioaB admixtures of lime, alumina, iron, obrominm, etc., 
and oceura as a rook or in oasooiation with other minerals 


oonstitutiug rook masses. The west of Mayo and Oalway ore 
remarkable for their sorpentino rooks, which afford the beautiful 
variegated green and white variotiea worked into pUastere, 
columns, etc. Serpentines and serpentine limestones of great 
beauty and exoollont quality are also quarried in different 
parts of tbe county of Cornwall, the Shetland Isles, Canada, 
the United States, Italy, oto. 

Basaltio and kindred rooks—greenstone, whinsteno, and trap 
—are intrusive rocks, for tho most port felsputliic. Some of 
these are well adapted for building, but their great use is for 
paving and mocadamisiug roods, for which purpnsea they are 
unrivalled. The columnar stmolwe of basalt is in some places 
taken advantage of for tho oonstruction of stone poato and 
window-siUs. These rocks ore abundant in many parts of 
Scotland, and occur also in Ireland, .various disi^cts of 
Germany, and Nova Scotia. 

Lava, a volcanic production, is often similar to trap, and 
equally useful. It occurs ia recent and extinct volcanic dis¬ 
tricts. Obsidian, a volcanic gloss, usually black, and somewhat 
resembling the slog of a glass furnace, is found in Mexico, 
Centriil AuioricM,, I'eiu, Ivi'land, etc. I'uinice slonc, a well- 
known iioi’ou^ and e.vlromidy light stone, used for polishing, 
etc., and Poz'.uoh'V'i ami trass, silieious oar(,h.s luueli used to 
mix with Times for hyiir,i.nii.- (KiinentH, are also voleaiiio produo- 
tiojis, of whi':h the chief mineral iiigredieiilb are angito and 
felspar. Pii'.uLce-Ht.'ue. is quarried in the small islands that 
lie oil’ the coasl. ot" Sielly. Possznolano and tiass arc obtained 
fr.iin Italy, and from many districts of Fraupi*, Germany, and 
Scotland. 

CLAYS ANlJ ALl.tKD SUBSTAMflP;. 

Clays, whicli are silieal.o.s of aJumina more, or le?8 pure, occur 
in all formations from the firmest slates of the older rocks, 
and the loo.so .“hales of the Carboniferous .and (ho Secondary, 
to tho pla.stic cliys of tin- Tertiary lUid tlm alluvial deposits. 
They enter largely into the materials and proeesses of build¬ 
ing, as slatos, tiles Omth f*v rool’ing, paving, and ornamental 
imriioses), and bricks; into the manufacture cf pottery and 
cartlieuwaro of all sorts, terra-cotta, and many other useful 
.aiqilieations. 

Common clay, so abundantly diffused ovigtho earth’s surface, 
and eliiefly distinguished into three varieties—yellow, brown, 
and bine —filmishes material for tho builder and the maker of 
the common pottery wares. China and porcelain arc made from 
tlie fine clays called kaolin and 'jniuntso, which arc almost pure, 
ami are dno to the decomposition of tlio fclsjiars of granitic 
rocks, the fel.spar eontiiiiiii.g soda being especially liable to 
disintegration. These elays arc found in Cornwall, Devon, 
France, Belgium, and Gern.aiiy, but can also be artificially pre¬ 
pared. Pipe-clay is a white, pure variety, witli an excess of 
silica. It is obtained from Poolc'aiid Purbock. Fire or refrac¬ 
tory clays, used In the maunfactnre of fire-bricks, retorts, and 
ernciblcB, contain ii. preponderance of silica over alumina, and 
occur chiefly in tlio Carbonil'erons strata. In Kiigland the 
Htourbridge clay is famous for these purposes. Belgium, and 
Siegbnrg in Germany, also furnish fine clays. Others, however, 
Bulliciontly pure, .can be in.ade avaiablo to some extent by the 
addition of silicions sand. I'nllei-'s earth is a very useful elayoy 
Kulistance, having in its composition a large proportion of silica 
and a quantity of water. 11 is employi-J in the preparation of 
wool, and ia abundantly mot with in Surrey, Buckingham, 
llamp.ahire, Gloucestershire, and Bedford. Tim nchrcs, chiefly 
Te<l and yellow, are mixtures of clay and oxides of iron. They 
are used in tho inainitaetun* of oelours ; the uiest .suitable for 
this purpose being obtained near Oxford, m Fife, in Antrim, 
Italy, and other placns. 

Hlafcs, from their natural cleavage and their gre.at duraoility, 
are of extreme ulility for a variety of purposos, chiefly roofing, 
the construction of cisteina, and tho manufacturo of Bcbool 
slatos and pencils. Tho bc.,t are those which are hardest anil 
finest in grain. Bwidcs the common colour, there ore green, 
jmrplo, and grey slates. Tho laminui are of different thick¬ 
nesses, and are used accordingly. Slates are quarried chiefly 
from i-ocks of ancient date (Silurian and Cambrian), and are 
abundantly supplied from Peurhyn, Llanberis, Festiniog, and 
other parts of Waloe, -is well as from Coniwall, Devomshire, 
Westmoreland, Scotland, Ireland, Franco, Belgium, Germany, 
and Asia. 
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Bone f^noB, of which ihoro toe many variotieB, ate slaty 
stones which'tire nsed in straight pieces for sharpening tools 
after they hare been gromid on grindstones. The most im¬ 
portant TarietieB are the follow!)^ r—^Norway ragstone, the 
coarsest 'rariety, imported in large qaantities from Norway; 
Chamwood. Forest stone, one of the best substitutes for the 
Turkey oil-stone, much in request by joiners and others, and 
obtained from Charnwood Ferest, Leicestershire; Turkey oil¬ 
stone, .of which there are two voriotios, white and black, the 
latter being the harder, surpassing every other oil-stone, used 
by the engraver, and obtained from the interior of Asia Minor; 
Ayr stone; snake stone; Scotch stone, used especially for 
polishing copperplate; Welsh oil-stone, second only to the 
Chamwood Forest stone, and obtained at Llyn Idwall, near 
Snowdon, whence is also obtained the “ cutler’s green stone'; ” 
and the German razor hone, derived from a yellow band in the 
blue slates of the neighbourhood of Batisbon. 

lABTHS OF BODIPM, FOTASSIOM, BOSON, 8ULPHUB, ETC. 

The elements, of the combination of which wo are about 
to speak, do' not, for the most port, occur naturally in their 
simple state, but their compounds, especially those of sodium, 
potassium, and suiphru- (which is also native), ore numerous, 
abundant, and valuable. 

C<m‘mon talt (chloride of sodium) is an extremely abundant 
and quite au indispensable commodity. It exists in sea-water 
and salt lakes, in the proportion of from 3 to 4 per cent., or 
even more in some of the lakes, and can be extracted by evapo¬ 
ration. It occurs in a much larger proportion in many brine- 
springs connected with geological deposits of salt, but these 
deposits themselves form now by fax the best sonroos of supply. 
Book-salt is obtained in Fnglond principally from iho mines of 
Cheshire, and also near Belfast; culinary salt is manufactured 
in large quantities in Cheshire and Worcestershire from brine 
springs; in both cases, the salt is derived from the Koupor 
marls of the New, Bod Sandstone system, in which it occurs in 
basin-shaped deposits, and is arranged in wedge-shaped masses. 
Salt-beds oocur in rocks of various ages ; those of Nova Scetia 
in &e Carboniferous system; the rock-s^t of Ireland, England, 
and Prussian Saxony in the Kenper formation; that of the 
Carpathian Alps in the Upper OoUte; that of Poland and the 
Pyrenees in the Cretaceous series; and that of Pisa and Cuba 
in the Miooene rocks. Bods of salt ocour also in China, and 
many districts of North America. Some of the salt mines of 
Europe furnish perhaps the most stupendous examples of 
mining industry. Salt for domestio pmposes is refined from 
rile more or less impure native prodnot, and from it also 
common soda (carbonate of soda) —formerly made, like barilla, 
from the ashes of sea-weeds, etc.—is manufactured on an im¬ 
mense scale. Chlorine for bleaching and disinfecting purposes 
is also very largely supplied from the same souroe. Many 
parts of the earth being deficient in the supply of salt, it is 
an important article of commerce, and 600,000 tons are 
a nn u all y exported from this country, the yearly produce of 
which exceeds 1,500,000 tons. 

The Alums, already alluded to under the head of Aluminum, 
are impdrtaht oompounds of sulphate of alumina with sulphate 
of potash, or soda, or ammonia, potash being the most common. 
Alum ooenrs luttivo to a small extent, but from its great value 
in the arts, especially in dyeing and c^oo printing, it is manu¬ 
factured on a large soale. One proooss is to treat clay with 
Bolphurio acrid, by which a sulphate of alumina is formed, to 
wMoh i>otash, soda, or amrsonia is added, and the rosnlting 
orysialUaed mlt is Mcordingly either a potash, soda, or am¬ 
monia alum. Ahini is also made from almn slate or sliale ; this 
Bubstenoe oontainB ahuniiui, protoxide of iron, a trace of potash, 
and iron pyrites dispersed through it. This pyritous shale, on 
exposure to the atmoq>here, undergoes decomposition, which is 
accelerated by the manufacturer, who, availing himself of the 
oarbonaoeouB character of the shale, applies fire to the alqm 
shale heap. The iron pyrites is ohonged into sulphate of iron, 
whioh forms, wirix the alumina,-a double sulphate of iron and 
alumina ; this is subsequently pnrifisd tty evaporation, and by 
the addition of potash the salt is rendered crysialllsablo. 
GHaagow, Whitby, and Newcastle are the chief localities of 
atom monufaetare in this country. The best alums are those 
prepared in Asia Mincn- and Italy. CSiina produces a consider- 
iy»le qaaath^, and Tnsosny an average of 7,000 tons per annfim. 


TECHNICAL DRAWING.~Vin. 

WOODEN BBIDOES (continued.) 

The etmotural portions of the bridge having been completed, 
the hand-rail may now bo oommenood. 

Having drawn the top tail and the standards whioh divide 
the leng^ into ten equal reotangles, draw diagonals in each; 
then the linos forming the oross-stmts are to be drawn parallel 
to those. The longitudinal and transverse sections will not, it 
is presumed, require further instruction, and wo can therefore 
turn our attention to the next sories of examples of hand-rails. 

Tho most simple of these is Fig. 43. In beginning this it is 
best to draw the seotion (Fig. 44) first, as from it tho elevation 
of tho cornice and of tho horizontal bars must be projected. 

Having, then, drawn Fig. 44, draw horizontals from the 
difleront points in tho section of the cornice, a, and from tho 
top and bottom of the section of tho top rail, b. 

Next draw tho standards, c c; then from tho angles of the 
square middle rail, d, project tho elevation, d, which will com¬ 
plete tho figure. 

Fig. 45 is an enlarged elevation of tho hand-rail already 
shown in Fig. 40. Here the section (Fig. 46) is to bo drawn 
first, excepting the part d d, whioh is determined according to 
tho angle at which tho struts cross each other. Having, then, 
projected the elevation of the top rail and cornioo from the 
section, draw the standards, c e, and diagonals in tho reotangle. 

Now let us suppose (as would in practice, of course, be tho 
ease) that the struts are to bo of a definite width. To sot this 
off accurately, draw a line through each diagonal, at any port, 
but at right angles to it. On these, on each side of tho diagonals, 
sot off from tho intorBoction* half of tho width of tho strata; 
then lines drawn through these points parallel to tho diagonals 
will give the sides of the cross-irieoes required. 

It will bo seen that the lines thus drawn will at their inter¬ 
section form a lozenge or diamond-shape; from the lower and 
upper angle of tl^is figure draw hqrizontalB, which will give tho 
scotiuii, d d, ill Fig. 46, and in this tho onntral vortical lino will 
show that the struts in crossing are “ hulTod " into each other, 
so they ore “ flush ” with tho uprights and with tho upper rail. 
The splaying of the edges can, of course, bo done without any 
further guidance. 

Fig. 47 is a hand-mil of a similar oharaetor to tho last, but 
tho space botwoou the standards is to bo filled with two pairs 
of struts at right angles to each other. Now tho space is 
doubly os long as it is wide; therefore divide it into two equal 
squares, in whioh draw diagonals. On those, set off from their 
interseotion half of the width of tho struts, and draw tho lines 
whioh form the edges of them; the section (Fig. 48) con then, 
as in the last figure, bo oomplotod from Uie elevation. 

Fig. 50 is a more troUis-rail, and will be found very easy to 
draw; but core is required so that aU the interstioes may bo 
equal squares. 

Having drawn the seotion (Fig. 49), and projected the oornioe 
and upper rail in the elevation (Fig. 50), draw centre-lines for 
each of the oross-pieoes, whioh will be readily oooomplished 
by moans of your set-squaro of 45°. On each side of the 
intersection set off half the width of tho pieces, and draw the 
lines; it will thns be seen that tliis is a repetition of the lost 
figure, but with a multiplication of parts. 

We still continue using wooden bridges^ as examples for 
drawing, not because they are as much used in this country as 
they wore in times gone by, but because tiio principles of their 
coustruotion convey so much instruction, which will be of 
service in the subsequent section on “ Eoofs.” And further, in 
these days of railways and emigration, eomo knowledge of the 
constraotion of bridges of a material whioh is so generally 
available cannot fail to be of servioe. . . - _ 

Fig. 51 is partly an elevation and partly a longitudinal section 
of a covered wooden truss-bridge, such as is frequently used for 
passengers to pass from one platform of a railway to the otiior. 

Here it is necessary briefly to remind the student of the 
action of a Icing-post, vis., &at when the lower ends of the 
principal rafters (two strong timbers, which together are longer 
then the space to be bridged over) are mortised or otherwise 
fixed by their lower ends to the tie-beam, the upper ends 
abutting against the head of the king-post, t^ acts os the key¬ 
stone of an arch, and beixig lengthened, the tie-bram is boltsd or 
strapped up to it. TUe arhuriple, iHustrated Iqr ^ neoosssxy 
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diasmnM, is treated of in “Building Conatmotioa,” and will 
be fnither worked oat in connection with roofs. 

In the present example the tie-beam ia built up of two eipial 
timbers, whiob are scarfed or toothed into each other, and the 
king-post, bmng also doable, clasps the tie-beam at the bottom. 
Undemeaibh the tie-beam a transverse bearer passes from one 
king-post to the other, and these being screwed np by means 
of screw-bolts, the tie-beam ia drawn ap into a onrre. The 
prindpala, too, are made np of two eqnal lengths. 

In Edition to this there are queen-posts, whtoh are supported 
at the top by means of a collar-beam and struts; and to these, 
bearers passing transversely under the tie-beams ore bolted, 
like those under the king-posts. There are also intermediate 
suspending posts, from which bearers are not suspended, but to 
which bolts pass through the tie-beams. 

‘ The half of Fig. 51, which is given in section, will show the 
manner in which the planks forming the floor of the bridge are 
laid, and the longitudinal girders resting on the transverse 
bearers ore shown in the section (Fig. 52), in which the simple 
roof timbers are also shown. 

Fig. 53 is a horizontal section, showing the diagonal straining' 
pieces between the bearers. 

A few instructions on the method of drawing this subject 
(Fig. 51) will now be given. 

First draw the piers, and a straight line uniting their spring¬ 
ing points. 

Bisect this lino, and in the perpradicnlar sot off from the 
intereeolaon the height of the curve from the horizontal line. 
There wfll then bo three fixed pointe—viz., the two springipg 
points, and that in the perpendicular. 

Now it will bo remembered that if these pointe bo joined, 
and the lines uniting them be bisected, the intersection of the 
bisecting lines will be the centre of the circle of which the arc is 
a part. (Sec Pig. 10, “ Practical Geometry.”) 

Having, then, thus fonnd the centre, describe the arc forming 
Hie under side of tho tie-beam. The arcs under this are to bo 
drawn, with the same radius, moving the centres a little lower 
down on the x>erpendicular. 

The tio-boam is rather broader in the middle than at tho ends, 
and therefore the upper arc must be struck with a rather shorter 
radiui, tho centre being slightly higher .than that from which 
the under side was drawn ; from a point half-way between these 
two centres an arc must be struck, exactly between the upper 
and lower edges of tho tie-beam, and on this tho toothing of tho 
scarf is to be drawn. 

Now proceed to draw the king-post, measuring half its width 
on each side of tho central perpendicular, then tho principal 
rafters, tho collar-beam, and tho longitudinal joist above it.; 
then follow the queen-posts, the susponsion-pieoos, and the ends 
of the hearers. 

The foundation for the fronts, an^ tho fronts themselves, arc 
mow to he drawn; than the ridge and the rafters. 

After this tho boarding of tho sides of the bridge is to be 
flUed in, and any other detail which may not have required 
separate mention. 

Figs. 52 and 53 are too simple in their lines for the student 
to n^ any instruotionB as to the mode of drawing them; he is 
simply advised to draw the different parts in the order in which 
they kave been explained in tho elevation. 

Fig. 54 is a side elevation of a small bridge constructed on 
Hie “ bow Buspeusion truss ” principle. 

Here the bow, consisting of a single beam, ia mortised into 
the ends of the tio-boam, which arc in Ihoir turn strciigUionod 
by saddle-piecos, bolts passing thrungh these saddlo-piocos, tho 
tio-boam, and the bow. 

At regular intervals jicrpendioular posts are iihwed hutwoon 
the tie-beam and the bow. 

UndemeaHi these ore placed the transverse bporor.s, bolts 
passing through those, tho tio-beani. tho poriiendiciilars, and 
bow. On tho bearers timbers are laid parallel to the truss, and 
on those the flooring of the bridge rests. This armngoraont%vill 
be clearly under.stood on refenlhg to tho sootion (Pig. .I.l). 

In commencing to copy this example, draw tho horizonfeil lino 
wkJtdi forms the tops of the abutments, and then add the oblique 
Hues reprcsimtiug ^o imposts. 

N«t draw another hori^tal line, and between this and tho 
last mark gff tho widtlus of the ends ot tho croBs-timbors which 
aot M wgll-plates, on which the trusses are to rest. 


This horizontal will also give the lower side of the saddle- 
pieces, and tho horizontal which will give the top of thliae will 
also form tho under side of the tie-beam, tho upper side 
which, and the ends of tho saddle-piecos, may now bo drawn. 

nw points nt which the outer arc of tho bow meets tho upper 
lino of the tio-heam ore next to bo marked, and the height of 
tho bow set off on a central perpendicular. From those throe 
points. Hie oontro from which tho are is struck will be fonnd 
in the manner already menHonod. Tho internal arc and the 
mortises at the ends will then complete tho bow. 

Having divided Hio space on each side into four equal parts 
by dotted perpendiculars, sot off on each side ctf these half the 
thickness of tho uprights, draw the ends of tho bearers, the 
rail-bolts, etc. 

The section is so very simple, that no further instruction 
connected with its delineation is doomed nooessary. 

It can be well undoi'stood that the system of forming tho bow 
of n single tiiiilior must be limited to bridgiB of small span, and 
an improvemoiit was effected in this respect by the introduction 
of a system invented by Philibert do Lorme, a celebrated Fronoh 
architect. . 

This system was not now, its author havmg proposed it in 
the sixteenth ooiitury, and it bad boon used more or loss from 
that period; but it seems to have been first applied to bridges 
in Hia.t over tho Weser, near Minden, in Westphalia, In tho 
year 1800. 

TJie Do Lorme system will bo fully described and illustrated 
in connection with “lijofs,” in the construction of which it has 
j been principally used; it may, however, ho briefly stated hero 
that it consists in building up tho bow of separate pieces of 
timber placed <'d;/e-i«isc, and united in tho muuucr called break- 
joint—that is, the joints in tho pieces of each layer of timber 
composing tho bow arc alternated, so that those in the one are 
over tho whole part of tho other, noils and bolts passing tlirough 
the complete thickness 


SEATS OF INDUSTRY.—III. 

LlfiGT? AND I’lTTSlWKQ. 

BY n. K. POX nOUSNE. 

Ip Birmingham and Shoflicld vie wjth one another as tho load¬ 
ing hoi’dwaro towns of England, Litigo is without a rival among 
tho hardware towns of tho continent of Europe, aud Pittsburg 
has a like rank in America. Tho main features of those cities 
ore interesting in themselves, and worth comparing with their 
English T>rototypos. 

Liege is older as a town, though not as a hardware centre, 
than yhofiiold or, perhaps, oven Birmingham. Thoro was a 
village of Legia in the sovonth century ; and the old cathedral, 
which was destroyed by the French revolutionary forces is 
17l»4, was founded as early as tho year 702. Its early history 
is chiefly ecclesiastical. In the tenth century its bishops 
iMwamo independent sovereigns, yielding feudal homage only to 
tho kings of Fraaco; and even that was often refused. They 
had an influential position in medimval Europe until Liege was 
captured by Charles tho Bold in 1408, to ho thonooforward 
annexed to Burgundy until it passed into the hands of the 
Spanish and Austrian monarchs, aud nltimatcly became port of 
tho new state of Belgium. Like all the other towns of that 
busy corner of Europe, it fjarly applied itself to trade and com¬ 
merce, and shared in tho old prosperity of Ghent, Bruges, and 
Antwurj). It throve most after they had begun to decline. 
“ Lidge,” it was written a hnmlrod years ago, is a very large 
and woll-fortifiod city, on tho left of tho river l^ouse, and con¬ 
tains a cathedral, seven oollegiato and thirty parish churches; 
five abbeys for men, and a like number for women; ttiirty-two 
cloisters for boHi sexes, two colleges for Jesuits (now turiiod 
into seminaries), and ten hospitals; besides other charitable 
foundations. Tho manufactures here are very considerable, 
consisting of serges and otlwr stuffs, idl sorts of military 
weapons, nails and leather, and great numbers of brewers. 
There ia pit-coal in its neighbourhood, with which they supply 
Holland very much." 

That pit-coal has made the modem fortune of liege. The 
wonderful coal-field, about ail miles wide, stretching for a hundred 
mdes from Moss to Liege, has seams as rieh as any in the 
world, some of the pits being the deepest that are anywhere 
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worked. Xa the neighbourhood of la^ge occupation is thtu 
giren to about 10,000 coal-imncrs; and the same district is 
xi^ in iron, besides yielding smaller supplies of zinc, lead, and 
copper. Thus the old eil^ of bishops and ohurohes has ready 
at hand an abundance of mineral wealth, put to good use by ite 
ibrifty inhabitants. The old fortifications hare been well-nigh 
demolished; and the old streets—narrow, and often so steep 
that they are more Uke long flights of stops—are ill adapted 
for' tradbig purposes; but trade flourishos. Though the town, 
'irUoh in the middle of the fifteenth century is reported to have 
contained a population of 120,000, now has only about 100,000 
inhabitants, it has ton busy suburbs which share its oocnpa- 
tien and oontributo to its wealth. 

Soraing, the chief of these suburbs, on tbe opposite side of 
the Meuse, and being to liego what Southwark is to London, 
is the chief contra of the new life cd the district. In it an old 
palace of the prince-bishops was, in 1817, converted into a groat 
factory by an enterprising Englishman uamod John CockorilL 
He followed the example of his onuntrymon at homo, and began 
to use the coal and iron of the neighbourhood in making steam- 
engines and maohinory of every sort. One of his first coke- 
blast fumacoB was set up in 1823, and his establishment soon 
became, what it has over since been, the largest of its kind on 
the Continent. King William I. took a groat interest in the 
movement, and after a time, buying nx) the share of John 
Cookerill’s brother, became a partner in it. Cockenll embarked 
iu more than sixty other onterpriscs, in and out of Belgium, 
and was for a long periml the greatest manufacturer out of 
England. His speculations brouglit liim into some trouble, 
especially during the time of revolution; but ho rode through 
all his difficulties, and his establishment was at the height of 
its presimrity during the few years i>Teviou8 to his death in 
1840. After that it passed into the hands of a company known 
as the “ Sooioto do John CookoriU;” and the works now com¬ 
prise a ooal-mine, six blast-furnaces, a steel puddling-mill, on 
iron-foundry, and a general machine factory. Many kindred 
establishments havo been founded, and by their energy Li4go 
has been made the Birmingham of Belgium. 

Lidge is esimcially famous for its manufacture of oanuon and 
fire-arms. Tho Iloyal Cannon Foundry, started in 1802, ptodnoes 
on an average nine largo pieces of ordnance every week. Tho 
small arms^ro chiefly made by tho workmen in their own houses; 
but the total iwoduco is very largo. It has more than quad¬ 
rupled in tho last fifty years, and is now much largm than that 
of Birmingham. In tho ton years ending with 1864 there wore 
made in Birmingham 5,611,000 guns; in Liege, 6,842,000. Tho 
estimated value of tho 'Kiglish work, however, was about 
^10,500,000; that of tho Belgian being only JB8,200,000. Tho 
average prioo of an English gun is 32 b., a government ann 
being twice as costly; that of a Belgian weapon is 24s. In 
the same ten years LWgo iiroducod 2,305,000 pocket-pistols, 
Birmingham only 588,000; yet the gross valno of tho latter 
rather exceeded that of tho former. Most of tho Belgian pistols 
cost only from one to two shillings a-piece. Vast numbers of 
these inferior weapons, as well as guns, are sold in this country 
and elsewhere at greatly enhanced prices, with countorfeitod 
English trade-marks. 

In the manufacture of fire-arms Lhlgo cannot rival the ox- 
oellenoo of Birmingham workmanship j but in rougher branches 
of the hardware toado there is successful competition, and 
Belgium, like France and Prussia, has the advantage over 
England in cheapness of labour and often in bettor traimng of 
the labourers. French ironworks ere inconsideniblo as com¬ 
pared with English; yet in them are adoxited methods that 
England might well follow. “ Some of the Pronoh mining 
manufaotnrers,” said on English workman, fiescribir.g tho Paris 
Exhibition of 1867, “ exhibited models, plans, and drawings not 
only of their works, but of schools, chapels, and workmen’s 
dwellings, showing that they oonsidor it in some measure a 
"duty to attend to the social, moral, and intelleotusl oondition 
of the workpeople; and from facts coming to our knowledge 
xmpeoting the moans of education aupiilied, tho oaxo taken m 
sick workmen, and the provision made for them in old ago, it 
really does apxmar to ns that tho right steps are being taken by 
mamdaoturers for the purpose of surrounding themselves with 
intelligent and oontentod populations. This circumstanco might 
possibly aeoount to some extent for tho fact that there is more 
aeonomy in the lue of fuel, and more care in utUisiBg mate¬ 


rials in connection with the Ironworks in that country than 
in this. We saw no such plans or models in the EugliA ool- 
leotiona” 

If Li^ge and the Continental iron towns diflbr in some im¬ 
portant respects from those of England, there is yet greater 
difference iu the case of the American towns, of which Pittsburg 
alone is oousiderable. Its history hardly covers more than a 
century; yet it has belonged to throe nations. In February, 
1754, ^0 English, then engaged in fighting with the French 
and Indians, set up a stockade on tho point at which tho 
Alleghany and Monongabela join to form the river Ohio. In 
Aiaril they were driven out by tho French, who chose the site 
for their Fort Dnqnesno, a famous oentro of resistance to tho 
English. Several attempts were made to regain it, and its 
conquest was effected in 1758. Fort Duquostio was replaced by 
Fort Pitt in 1759, and in 1,764 the town of Pittsburg was begun. 
It was abandoned by the English in 1772, and then, after some 
years of rivalry between Virginia and Pennsylvania for its 
possession, it was assigned to the latter state. At that time 
tho life of the United States was almost confined to their 
Atlantic ouust-linc. Save in traffic with tho Indians for furs, 
mere was but little done in tho interior, and Pittsburg, though 
now reckoned one of tho eastern towns of tho country, was 
then one of the most western nujposts of civilisation. 

Its early growth was slow. Not till tlio Ohio and the Missis- 
sipxii were found to furnish rare conveniences of transit between 
tbe northern and the southern states, and tho sxiicndid coal¬ 
fields of tho district began to be rocoguised us tbe best source 
of fuel possessed by tho coiuitry, was Pittsburg much thought 
of. The discovery once made, however, its later progress has 
been wonderfully rapid. In 1810 it containod 21,115 inhabi¬ 
tants'; in 1850 &e number amounted to 40,601; and in 1860 
tho town and its suburbs had a iiopulation of 116,000. “ Com¬ 
pactly and well built," said one who visited it in 1848, “ with 
wide streets, handsome squares and xmblio gardens, it is 
thoroughly begrimed with smoke, and is certainly the darkest 
and dirtiest place I ever saw. Its great imiKirtenco is due to 
its manufaotorioH, for which it has every facility in the way of 
water-power and supplies of coal and iron; indeed, Pittsburg is 
a city ef iron, hardware, and cutlery works. It annually monu- 
faoturos large quantities of ovorj’ kind of ironmongeiy, includ¬ 
ing steam-engines and machinery, cutlery and nails, and builds 
ships and steamboats on a largo scale. It was a busy, grimy, 
sooty, dusty, coaly, dirty, Staffordshire-liko kind of idaco.” 

Tho Peimsylvaniaii coal-fields cover an iirea of iiljout 15,000 
square miles, and are estimated to contain tliri'i' times as much 
coal os aU the fields of Groat Britain—more tiian tli<> whole of 
Enroiio. Most of the scams are easy of access, and tliero are 
excellent river facilities for conooutratiiig tho X'roduco of tho 
I mines in Pittsburg, and thence disx>ntching it to all parts. 
More than a hundred collieries are within easy reach of tho 
town. Ten nr twelve are in its immediate vicinity ; and these, 
giving employment to about 1,500 eoUiers. are known as the 
“City Minos,” and feed the local mnnufa'lnres. Of those 
manufactures, iron and steel are the most im,'>urtunt. In 1860 
Pittsburg cuntnined twenty-three gi-cat ostabliuhments devoted 
to their production; tho number of workmen so engaged being 
about 6,000, and tho value of their iiroduce about jC 2,.'>06,000. 
It had also sixteen foundries; one for cannon—from wliicli w.as 
sent out, iu January, 1801, the famous “ Union” gun, weighing 
49,060 pounds. In 1800 the town produced about O.jO steam- 
engines for ships and fa(jtorics. It bad two copiier-mills, six 
ootton-mills, nine white-load factories, and sovi*ral establish¬ 
ments for constructing river steamboats. 

Tho town maybe considered to havo about doubled in popula¬ 
tion and in trade between 1800 and 1870. Unlike most of the 
Amerioan towns, it gained instead of losing in the unfortunate 
war botweon North and South. A groat imp.'tus was given to 
its manufacture of largo and small guns ; .and tho Americans, 
who before that time went cbiofly to Birmingham and liego 
for their weapons, now have tJicir wants sniipbod amxily and 
more cheaply by Pittsburg 'llio town make>,s wonderful pro¬ 
gress every year in all branches of hardware manufacture. 
Besides its abundant stores of coal, it Las xfienty of iron, o.opiier, 
zinc, and load in tlio neighbourhood; and by continuing to 
make good use of those advantages, it promises not only to hold 
its position us tho chief hardware town iu America, but also, in 
60 doing, to etupaas its rimla iu the Old World. 
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PRINCIPLES OP DESIGN—III. 

By CKumoraw DsMasa, Bh.D,, F.Ii.8., eto. 

TBVTg, atJkVTT, AND POWXB IN OBNAKUNTATION. 

In my two previomi chapters I hare attempted to set forth 
some of the first principles of ornament, and to call attention 
to the pnrport or intention certain of the leading historio 
styles, and ihe manner in vhiofa they make utterance to us of 
the faith at sentiments of their producers. 

But thmre ore other utterances of ornament, and other general 
erpiessions which deooratiTe forms oonrey to tihe mind. Thus 
sh^, angular, or spiny forms ere more or less exciting (Fig. 9); 
while hold and bro^ forms are soothing, or tend to give reposo. 

Sharp or angular forms, where combined in ornament, act j 
upon the sensos much as racy and pointed sayings do. Thus 
"cut” or angular glass, spinose metol-work, as the pointed 
foliation of some wrought-iion gates, and other works in which 
there is a prevalence of angles and points, so act upon the 
mind as to stimulate it, and thus produce an effect opposito to 
repose; while “ breadtii’' of form and “ largeness” of treatment 
induce tranquillity and meditation. 

Nothing can be more important to the emomentist than th) 
seiontifio study of art. llie meta¬ 
physical inquiry into cause and 
effect, as relating to decorative ideas. 


and olinging to, the affections of tite noble and tite great. 
Ornamentation is in tiie highest sense of the word a Fine drt> 
there is no art more noble, none mors exalted. It oan cheer tto 
sorrowing; it can soothe the troubled; it oan enhance the joya;ff 
those who make merry; it con inculcate tiie doctrine of truth; 
it oan refine, elevate, pni^, and point onward and upward to 
heaven and to God. It is a fine art, for it embodies and ex¬ 
presses the feelings of tho soul of man—that inward spirit 
which was breathed by the Creator into the lifeless day as the 
image of His life, however noble, pure, or holy. 

lliis being the cose, those who ignore decoration oast aside 
a source of refinement, and deprive themselves of what may 
induce their elevation in virtue and morals. Suoh a neglect on 
the part of those who, oan afford luxuries would be highly 
oensurable were it not that the professors of tho art are for 
the most pswt false pretenders, knowing not what they praotiso, 
and men ignorant of the powers which they hold in their 
hands. The true artist is a rare creature; he is often nnkno.wn, 
frequently misunderstood, or not understood at all, and is not 
I unfreqnently lost to a people that prefer shallowness to deep 
I meaning, falsehood to truth, and glitter to repose. 

I We now see tho utter folly of appealing simply to what is 
called “tasto” in matters of art, 
and the uselessness of yielding to 
the caprice (falsely called taste) of 


is very important—indeed, all-im- nnednoated in saek mattery 

portont—to tho true decorator. He especially as this so-oallod tasto is 

must constantly ask himself what often of tho most vulgar and de¬ 
effect such and such forms have based order. We also see the ab- 


upon the mind—which effects are 
soothing, which cheerful, which me¬ 
lancholy, which rich, which ethereal, 
which gorgeons, which solid, which 
graceful, which lovable, and so on; 
and in order to do this he must sepa¬ 
rate tho various elements of oma- 
meutal composition, and consider 
these apart, so as to be sure that he 
is not mistaken as to what affects 
the mind in any portioular manner, 
and ho must then combine these 
elements in various proportions, and 
consider the effects of the various 
eombinations on his own mind and 
that of others, and thus he will 
disoovor what will enable him to so 
act on the senses os to .induce effects 
such as he may desire to prodnoo. 

Are wo to decorate a dining-room, 
let the decoration give the sense of 
riohnoBB; a drawing-room, let it give 
oheorfnlnesB; a library, lot it give 
worth; a bedroom, repose; but 
gUttor must never occur in large 
quantities, for that which excites 
oan only be sparingly indulged in; 



surdity of persons who employ a 
true artist interfering with his judg¬ 
ment and ideas. Tho true artist is 
a noble teacher; shall ho be told, 
then, what mor^s ho shall incul- 
cato, and what lofty truths ho 
shall embody in his works, or 
omit from them? Do wo tell the 
preacher what ho shall say, and ask 
him to withhold wliatever is refining 
and elevating P Wo do not, and in 
art we must leave the professors 
free to teach, and hold them respon¬ 
sible for their teachings.^' 

If I thought that I had now oon- 
vinoed my reader that decorative, 
art does not consist in tho placing 
together form 8 merely, however beau- 
tiM they may be imUvidually or col- 
lootively; nor in rendering objoota 
simply what is called pretty; but 
that it is a power for good or evil; 
that it is what will elevate or debase 
—that which cannot be neutral in 
its tendency—^I would advanoe to 
consider its principles; but I oannob 
teaoh, nor oan I be understood, unless 


for if it is too freely employed, it gives the sense of vulgarity. 

In this chapter I have to speak primarily of Truth, Beauty, 
and Power. Loi^ sineo I was so fully impressod with the idea 
that true art-prinoiplos are so perfectly manifested in these 
three words, that I embodied them in an ornamental device 


the reader feels that he who practises art wields a vast power, 
for the rightful use of which he must be held responsible. 

All graining of wood is false, inasmuch as it attempts to 
I deceive, tho effort being made at causing one material to look 
! like another which it is not. All “ marbling” is false also: a 


which I painted on my study door, so that all who entered 
might learn tho prinoiples which I sought to manifest in my 
works. 

There oan bo morality or immorality in art, tho nttorance of 
truth or of falsehood; and by his art the oniamoutist may 
exalt or debase a tmtion. 

Truth .—How noble, how beautiful, how righteous to utter 
it; and how debasing is falsehood; yet we see falsehood preferred 
to truth—that which debases to that which exalts, in art as well 
08 morals; and I fear that there is almost os much that is false, 
degrading, and untrue in my beautiful art as there is of the 
noble, righteous, and exalting, although art should only bo prac¬ 
tised by ennobling hands. It is this grovelling art, this so- 
called ornamen:^tion, which tendp to debase rather than exalt, 
to degrade rather than make noble, to foster a lie rather than 
utter truth, which brings about the abasement of our calling, 
and oauies our art to f^ in many instances in laying hold of, 


floor-cloth mode in imitation of carpet or matting is false; 
a Brussels carpet that imitates a Turkey carpet is false; so 
is a jug that imitates wicker-work, a printed fabric that 
imitates one which is woven, a gas-lamp that imitates an oil- 
lamp. These are all untruths in expression, and are, besides, 
vulgar absurdities which are the more lamentoble, os liie imita¬ 
tion is always leas beautiful than the thing imitated; and as 
each material has tho power of expressing beauty truthfully^ 
thus truth has its own reward. A deal door is beautiful, but it 
will not keep olean; lot it then be varnished. It is now pre¬ 
served, and its own oharaoteristio features are enhanood by the 
varnish, so tbdt its individuality is emphasised, and no untruth 
is told. A floor-oloth can present a pattern with true and 
beautiful curves—how absurd, then, to try and imitate the dotty 
offoot a carpet; and the Brussels carpet can express truer 
curves than the Turkey carpet, then why imitate the latter f 
But perhaps the most senseless of oil those absurdities is the 
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u etirtliMi jug in imitation of i|ioker*voTk, when if eo 
formed it woold be nselaie u a watar-veaael. I oan imagine a 
fool in hie eimpUoitr priding himeelf on enoh a bright thought 
ae the prodno&n of a Tesid of this kind, but I cannot Imagine 
any rightly eonstitntod mind producing or commmiding such an 
id^ Lrt the 
e^Qiresaion of 
our art ever be 
tmthfiA 

Beauty. — I 
will say little on 
this head, for 
decorative forms 
must bo beau¬ 
tiful. Shapes 
which are not 
beautiful , are 
rarely decora¬ 
tive. 1 will not 
now attempt to 
express what 
character forms 
should have in 
order that they 
be considered 
beautiful, but 
will content my¬ 
self by saying 
that they must 
be 1 truthful in 
expression, and 
graceful, deli¬ 
cate, and refined 
in contour, 
manifesting no 
coarseness, vul¬ 
garity, or ob- 
trusivonoBS of 
character. My 
views of the 
beautiful must 
be gathered 
from thi series 
of articles which 
win follow, but 
this 1 may here 
say,' tliat the 
beautiful mani¬ 
fests no want, 
no shortcoming. 

A composition 
‘ that is beautiful 
must have no 
parts which can 
be taken from 
it and yet leave 
the remainder 
equally good or 
better. Thoper- 
feotly beautiful 
is tiiat which 
admits of no im¬ 
provement. The 
beautiful is 
lovable, and, as 
that which is 
lovable, takes 
hold of the affeo- 
tiohs and clings 
to them, bind¬ 
ing itself firmer 
and firmer to them as time rolls on. If an object is really 
beautiful wo do not tire of it; fashion does*not induce ns to 
change it; the merely new does not displace it. It bcoomos 
as an old friend, more loved as its good qualities are better 
understood. 

Power .—Wo now eome to consider an art-element or principle 
of great ifaiportBiioet for if absent £rom any oomposition, feeble¬ 


ness or weakness is the xesnlt, the mamfestation of which is 
not. pleasant. Weakness is childish, it is' infantine; power 
is manly—power is Ood-like. With what power do the plants 
burst from the earth in spring I With what power do the 
buds develop into branches! The powerful orator is a man 

to bo admired, 
the powerful 
thinker a man 
wo esteem. 
Even the simple 
power, or brute- 
force, of animals 
we involuntarily 
approve—the 
powerful tiger 
and the power¬ 
ful horse call 
forth our com¬ 
mendation, for 
power is antag- 
onistio to weak¬ 
ness. Power also 
manifests ear¬ 
nestness ; power 
means energy; 
power implies a 
conqueror. Our 
oompoaitions, 
then, must bo 
powerful. 

But besides 
all this, we, the 
professors of 
decorative art, 
must mauifeat 
power in our 
works, for we 
are teachers 
sent forth to 
-instruct, and en¬ 
noble, and ele¬ 
vate our fellow- 
creatures. AVo 
shall not be bo- 
liovod if we do 
not utter our 
truths with 
power; let truth, 
then, be uttered 
with power, and 
in the form of 
beauty. 

I have given 
in this chapter 
an original 
sketch (Fig. 10), 
in which I have 
sought to em¬ 
body chiefly the 
one idea of 
power, energy, 
force, or vigour, 
as a dominant 
idea; and in 
order to do this, 

1 liave employed 
such lines us wo 
sec in the burst¬ 
ing buds of 
spring, when the 
energy of growth 
is at its maximum, and especially such as arc to be seen in the 
spring growtli of a Inxnriant tropical vegetation; and 1 have 
also availed myself of those forms which we see in oertoiu botios 
of birds which oro associated with the organs of flight, and which 
give us an impression of great power, as well as those which ' 
we observe in the powerftd propdling fins of ooitaiu speciea 
of fish. 
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T:HE TEOHNIOAL BDtrCATOE. 


VEGETABLE COMMERCIAL PRODTJC.TS.-IV. 

PLAKTS TIBLDISa BFICIiB AND GOMCmENTS (conUtlXied). 

Cabdamous {Elettaria ca/rdamomim, Maton ; satucal order, 
Zingihsreieeet).-—iia!c6a,mom seeds are obtained from Beveral 
other allied plants, but those of the ab<-'.e species ,of Eleitaria 
constitute the true officinal Malabar oardamoms. 

The cardamom is an obtusely triahgrnlar three-colled pod, 
about half an inch ia length, of a pale-straw colour, and fur¬ 
rowed longitudinally on its outer surface. This pod oontoina 
numerous reddish-brown, rugose seeds, about the siso of mus¬ 
tard seeds, internally white, and having a pleasant aromatic 
odour and an agreeable taste. 

Cardamoms are principally employed hero in medicine as a 
flavouring ingredient, and occasionally os a stimulant and car¬ 
minative, especially in tho form of a simplo or compound tiuo- 
. tore. In India they are much used as a favourite condiment 
for various kinds of food, as curries, ketchups, and soups. Their 
active principle is a pungent volatile oil. 

Cardamoms are shipped to this country from Ceylon, tho 
Malay peninsula, Sumatra, Java, Siam, Coohin-China, and the 
Malabar coast. The quantity of kinds imimrted is about ^ 
twenty-five tons per annum. 

tJMDELLIFBEOUS rUANTB WITH ABOMATIC BBTIITS. 

There are a few eoeda which, from their pungent oromatio 
flavour, are used as oondiments, and may very properly be 
classed with the spices. 

Tho fruits of the caraway, coriander, and anise—called in 
oommeree seeds—although cultivated in this country, arc im¬ 
ported somewhat largely from the Continent, and are therefore 
deserving of notioo. 

Cabawav (Cariim earui, L.).—Tho caraway is indigenous to 
most parts of Europo, as well as to this country. It is cultivated 
to some extent in Essex and Kent. Tho taste of the seeds ia 
oromatio and worm, and their odour is fragrant, but peculiar. 
Tho seeds are niu^ used by the oonfeotionor, and are sorno- 
timos added to broad; coated with sugar, they form tho woU- 
known *'caraway oomflts” to which children are so partial. 
Wo import about 500 tons of .caraway seods^ annually from Ger¬ 
many and Holland, nearly tho whole of wltioh are retoinod for 
home consumption. 

COBIANBXB (ConandrwTO tativum, L.).—The fruit of this 
plant is globose, having a peouliar smell, and a pleasant, 
aromatic taste. In a fresh state both tho fruit and foliage 
have on extremely disagreeablo odour; nevertheless, tho Tartars 
are said to use it in the preparation of a favourito soup. 

The ooriandor is indigenous to Sonthom Europe and Italy, 
but has a wide geographical range,' bearing the climate of India 
and Britain equally well. It is cultivated in this ooontry, por- 
tionlarly in Suffolk and Essex, and is valued both by the 
apothecary and tho distiller. Coriander is used in medicine for 
its carminative and aromatic proportios, as a corrective to the 
griping qualities of cathartios. It is more used in confeotioneiy 
than in medicine. Coriander-seed ia also employed in adultorat- 
ing beer. The poor Indian mixes these seeds with his curry, 
and they are equally welcome at the table of tho rioh. Our im¬ 
ports from Germany average fifty tons per annum 

Anise '(PinyjiBolla OM-Mum, L.).—This is a perennial plant, 
with erect, ronnd, striated, rough, or downy stem; pinnati- 
soot leaves, white fiowors, and an ovate, downy, aromatic fruit, 

' Toaomhlingthe finer kinds of parsley-seed in shape, and grateful 
and swootiah to the taste. 

The oil of anise is obtained by distillation from tho seed, 
about one owt. of seed yielding two pounds of the oil. It is 
used in oonfeotionery and in medicine. Anise is indigenous to 
Egypt, but is now largely grown in liolta, Spain, Italy, Emnoe, 
Germany, and the East Inffiea. The prindpal imports are from 
Alioant in Spain, and Hamburg in Germany, and average 
about seventy tons per annum. 

Other umbelliferous .plants used as condiments are cumin 
(Cwminum eymimti, L.) and angelica {Areha/ngeliea ojicinalis, 
Hoffm.). 

St^ Anise (IHmunt natural order, Magwiliacm). 

—This plant is so called because the flavour of aniseed pervades 
‘ the trhols of it, espedally titc &ait; hut it is not at all allied to 
anise, belonging to a totally different natural order. It is a 
shrub indigenous to Chua and Japani its fruit is used to flavour 


sweetmeats, oonfeotionery, and liqnors. The oromatio oil of 
star anise, singularly enough, in every respect resembles anise' 
oil, for wMoh it is often snbstituted. In India, star anise is an 
important article of commerce, and sold in all the bazaars. 

Mtjbtabd.—T ho seeds of Sinapis nigra, X., often mixed witfi 
S. alba (natural order, Oruei/ercB ).—Tho spherioal seeds of those 
two species are orushod, pounded, and then sifted through a fine 
siovo; tho fine, powdery product is the “ flour of musti^ " in 
common use. Tho outer skin of the seeds, separated by Iffting, 
forma a coarse powder, which ia sold for adnltoratirg popper. 
Mustard-aced is largely imported from the East Indies for tho 
expression of oil; and white-mustard seed is imported from 
Korthoru Germany, in small quantities, for grindiTig with tho 
black mnstard-seod grown in this country. 

rv. PLANTS TIXLDINa StraAB. 

StraAK-CANJC (Saecha/nim ofidnarum, L.; natvural order, 
(hammea^j .—This plant, next to rice and maize, is -the moat 
valuable of the tropical gra.ssos. Its stem, which is solid, 
oyliudrioal, and jointed, is two inches in diameter, and from 
twelve to fifteen feet in height; ots loaves are long, narrow, and 
drooping; flowers very handsome, appearing like a plume of 
white feathorg, tinged with lilac. A field of sugar-canes in 
blossom presents a very beautiful appearance. 

The sugar-cane is seldom permitted to flower under cultiva¬ 
tion. It is propagated by sections of tho culm, or stcili, with 
buds in them. Ti-ouchcs ore cut, and tho pionos of tlio culm are 
laid horizontally in thmp ; the earth ia tlien thrown into tho 
trench, and the canes soon develop from tho nodes or joints 
of the ouhn. As they grow up, and tho wind gains iiowor 
over them, tho lower leaves are removed, and tho stems ore 
strengthened by being fastened to bamboo supports. 

Tho Bngar-onne plant is very sensitive to cold, and thoroforo 
its cnltivation is restrictod to the tropics, and to regions on 
their borders where there is little or no frost. In tho Old 
World sugar plantations are mostly confinod to conntriea lying 
between tho 40th parallel of north l.'ititudu and u corresponding 
degree south; in America, along the Atiaiitic seaboard, they do 
not thrive beyond 33° north latitudo asd 35“ south lutitndo; 
whilst on tho Pacific sido tho sugar-cane matures about 5“ 
further to the north and south of tiio equator. The principal 
countries where sugar is largely grown are tho West Indies, 
Veneznela, Brazil, Mauritius, British India, China, Japan, the 
Sunda, Philippine, and Sandwich Islands, and tho .Sonthern 
United States of America. Morcton Bay and the northern 
parts of Australia ore admirably suited, both in soil and climate, 
to sugar culture. 

Manufacture of Sugar. —Wlion tho cane is ripe, it is cut 
down, deprived of its top and leaves, out up into convenient 
lengths, tied up in bundles, and taken to tho mill. Here tho 
canes aro orushod botwoon iron rollers, tho juioo from thorn 
flowing into vossols, whore it is boiled with tho addition of limo, 
and evaporated to tho consistence of syrup, care being taken to 
remove any scum which appears on tho surface duruig this part 
of the procesa. Th§ lime is added to remove any acidity, and 
prevent fermentation. The material of tho fire consists of, tho 
refuse crushed cane, dried for that purpose in tho sun. Six or 
eight pounds of cano-juice will yield one pound of raw sugar; 
and from sixteen to twenty cart-loads of cane ought ,to make-a 
hogshead of sugar, when thoroughly ripe. Tho cane syrup thus 
prepared is transferred to shallow vessels, or cimlers, in which 
it is stirred until it becomes granulated ; it is then put into 
hogsheads having boles in tho bottom, which ore placed in an 
upright position over a largo oistom, and allowed to drain. In 
this state it is colled muscovado or brown sugar, and tho 
drainings molasses. The casks aro then headed down and 
shipped. This muscovado ia purohased by tho grocers, and 
oonstitntoB the brown or moist sugar of the shops. 

The planters in tho West Indies generally send their sugar 
to England in the form of muscovado; but in the French, 
Spanish, and Portuguese settlements, ‘it is usually converted 
into clayed sugar before exportatiou. Tho process ia as follows: 
—^The sugar from the coolers is placed in oonioal pots with 
holes at tho bottom, having their points downward. A quantity 
of clay ia laid on the top and moistenod with water, which, 
oozing gently from tho olay tfirough the sngar, dilutes the 
molasses, and causes more of it to come away than in the hogs- . 
head, leaving it whitsr and purer than the mnsoovado sugar- 
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Loai or refined ingor u made from ihe mmoorado by the 
BogU'bakerR in England. The mnaooTado ia re-boiled, and 
refined with the eoram of bnllook’s blood or the white of ogge ; 
it ie then tranaferred to conical monlds, and clayed repeatedly 
until perfectly white. The engar ia &en removed from the 
moulda, and set in a stove to dry. 

The BUgar-cane, a plant originally confined to Asia, and 
which grew wild in India, was introdneed into tbe sonth of 
Enrope Acorn the Eaat by the Saracens, soon after their con¬ 
quests in the ninth century. In the twelfth century, sugar 
plantations wore established in Cyprus, Ithodos, Candia, Malta, 
Sicily, and Spain; and as early as the beginning of the Mteonth 
cental they had been extended to Glranada, Murcia, Portugal, 
Madeira, and the Canary Islands. 

The sngar-cano is now cultivated ati only a few places in 
Europe, viz., Malta, SioOy, and the south of Spain. The rest 
of the sugar plantations have disappeared from the cour- 
tries about Uio Mediterranean, in honsoqnonco of. the ex¬ 
tent of the groat American plantations, and those in the West 
Indies. 

In the middle of the sixteenth century tho sugar-cane w.as 
transplanted by the Portuguese to Brazil, and by the Spaniards 
to tho Wost Indies, where tho greatest quantity of sugar is 
now produced. Brazil has now 900 sugar plantations, jiro- 
ducing annually about 50,000 tons of sugar; and of the Wosl, 
India Islands, Cuba and Jamaica alone raise 150,000 tons for 
exportation yearly. Porto-Eico, and the French, Dutch, and 
Danish oolonios in tho Wost Indies, export sugar largely, as do 
also Louisiana and Alabama, by way of Kew Orleans. Thu ex¬ 
ports of sugar from Murico go mostly to New Granada, Caracas, 
and Ecuador in South America. 

Tho East Indies, Java, Sumatra, the Philippine Islands, 
Siam, Cochin-China, Bengal, and Ceylon, all produce sugar for 
exportation. Sugar has boon made in China, indeed, from very 
^moto antiquity, and large quantities also have been exported 
•from India in all ages. 

In 18C6, 10,639.085 cwt. of raw sugar were imported into the 
United Kingdom, of which 5,823.729 cwt. were received from 
our colonies, and the rest from foroign countries. Of Ihi.s 
amount 10,297,106 cw-t. were rctuitied fur homo consumption, 
and tho remainder oxi>ortcd. 

Rwn, or Jirwndij of 8uyar .—^Tho best is distilled from the 
pui:e juic#of sugar; the inferior kind is made from troaolc, and 
from tho residuum in tho sugar rufinerios. Jamaica mm is the 
finest, about three millions of gallons being annually imported 
into England from tho Wost Indies. Bum is also distilled for 
exportation in Bengal, Madras, Batavia, and Manilla. The 
native arrack of India has been nearly driven out of tho market 
by tliis Spirit. 

Besides the sugar-cane, many other plants yield sugar. The 
principal of these are :— 

1. Bebt-moot and Mangolj)-wtirtzel (two varieties of 
Bela wiyaris, T<inmuf j natural order, Cheiwpodiacetp) are cul¬ 
tivated very extousivoly on tho continent of Europo, especially 
in Pranoc, whore a great portion of tho snjjply of sugar is ob¬ 
tained from ihe juice of those sap-roots. In Great Britain 
beet-root is eaten ns a sal.ad, and munguld-wurtzel ia largely 
grown as winter toed for cattle. 

2. Stjoab-mai'LE (Acer saecliarinumt Wang.; natural order, 
Aeeracea:). —Prom tho juice which flows from incisions niiule in 
the ytem of this, and probably other species of maple, large 
quantities of a oo-irso uncrystollisablc sugar are manufactured 
in North America. 

3. Date (Phcpnix dactylifem, L.; natural order, ,Palmacea’). 
—Prom tlus useful palm, and also from P. tylveslrie, L., 
and Soffuenis saccharifer, sugar is produced by boiling the 
juice, which flows from incisions made in the flower-heads; 
from P. eylvestris, L., alone, as much as 6,000 •tens are made 
annually. These sugars are mostly consumed in India; much, 
however, is supposed to bo imported to this oountry as cane 
sugar. Tho fruit of the date is well known and highly appro- 
dated in this oountry. It is remarkable for its nutritieus and 
Ufe-snstaining qiudities ; the Arabs, while crossing vast desert 
tracts, inquiring no other food than a handful or two of this 
fruit per day, Tho best grow in tho regions on the southern 
slopes of ttie Atlas mountains. Tliis part of Africa is said to 
be the natural habitat of the date-palm, and is callod BiUed-vii- 
jerid, at tiie Date Country. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAE DRAWING.—II. 

It has boon explained in previous lessons that “to bisect” 
means to cut into two equal portions; this requires to be pro¬ 
perly understood in dividing angles, for it will be evident 
tlmt if a line wore drawn across tiio angle, the one part would 
bo much wider than the. other, oven though the line might 
cross exactly in the middle of one of tho Imos forming the 
angle. The following problem shows the correct method of 
overcoming the difliculty, and subsoquout figures show the 
applioatiou of tho lesson. 

To bisect an angle, A b c (Fig. 8).—From B, with any radius, 



describe an are, cutting the lir.e.s u A and b c in D and E. 

Prom D and E, with any railius, desuribo area cutting each 
other in F. ' 

Draw B F, which will bisect tlio angle. 

Toinscrihe a drclc in the Mangle ABC (Fig. 9).—Bisect any 
two of tho angles (by Fig. 6). 


c 



Prodnue the bisecting lines until they meet in D. 

From D, with the radius d e, which is a perpendicular from 
D on A n, a circle may he described which will touch all three 
sides of tho triangle. This is called tho iiiscnled circle. 

To draw a circle through three jioinls, however they may bo 
]dacod, provided they are not in an absolutely straight line 

(Pig. 10). 



Let A B.and C be the three given points. Join A B and B c. 
Bisect A B and B c, and produce tho bisecting linos until they 
out each other in the point d. 

Then d will bo eqimlly dist.ant from each of the threo points. 
Therefore, from d, with radius d a, d m, or n c, a oirdo may bo 
drawn which will pass through tho three given points. 

It ivill bo evident that if A and o were joined, the figure would 
be a triangle; and thus this problem serves also for doscribing 
a oirole which shall tonoh the three angles of a triangle. This 
is called Mie ciremuoribing oirole. 
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The Ooihie trefoil (Fig. 11).—The trefoil is s. figure mnoh 
used in Oothio aiaMteotare. It is formed of three leaves, or 
lobes (heuoe its name), meeting at a centre, as in 'the tlu^- 
leaved clover. It is sometimes enclosed in a cirole, as in 
window tracery, bnt not always, asdn many wall-piercings. 
This figure will serve as on application of the oonstraotion yt 
the eqi^teral triangle and the bisecting of angles. It is here 
introduoed with the view of showing etudents the importance 
of absohete accuracy in the early problems, th well as in the 
subsequent operations. 

Construct an equilateral triangle, a 6 e. 

Bisect Ihe angles, and produce the bisecting lines, d, e, /. 

Observe, that in an equilateral triangle, the lines which 



bisect the angles will, if produced, bisect the sides opposite to 
the angles as well, and thus the points g, h, i arc obtained. 

From a, 5, and e, with radius a g, equ^ to half the side of the 
triangle, dosoribe tiie arcs j, k, I, and the others, which it will bo 
plain are oonoontrio (that is, drown from the same centre) with 
them. The arcs m and n, and those corresponding to them, are 
also drawn from the same centres. 

The outer circlro and the arcs p, q, etc., are drown from the 
centre of the triouglo o. 

To construct on the given line, D E, an angle similar to the 
angle A b c (Fig. 13). 



From B, with any radios, describe an arc cutting the sides 
of the angle in c d. 

From E, with the same radius, describe an arc, cuttmg e b 
in F. Measure tiie length from point e to d. Mark off the 
some on the arc from E—^viz., to point o. Draw a Uno from £ 
through 0 . The angle r e o will be equal to a b o. - 

On. the given line, A B, to construct a triangle similar* to 


* When a flguro is said to be similar to another. It moans that It is 
of the same nhapD. When it is sMd to be e</ual, It means that it is 
of the same area—that is, it oostsins precisdy the same apaoe, A 
l^gure msy he equal to another without being similar in shape: thus 
a squBie msy be equal in area to a rectanglai and a figure may be 
similar without being equal, as in Figs. 18, M. “ JSimtlar and ejiiot ” 
means being of both the same shops and siis os another figure, as in 
tign, 18 and U. 


o B E (Figs. 13 and 14).- -At A oonsteuot aa angle similar to tha 
angle H o 0 —vis., jr a i. 




At B construct an angle similar to the angle K B —^viz., 
M B N. Frodnoe the lines A j and B u until they meet in o; 
which will complete the triangle required. 

Definitions concerning Jowr-sided figures which txre not paraU 
lelogrnms .—A figure having four tides, which aro neither equal 

£2:. <3> ZZ2 

h'ig. 15. Fig. 18. Pig. 17. 


nor parallel to each other, is oallod a iropexium, as A (Fig. 15). 

But any two of its adjacent (or adjoining) sides may bo equal 
to each other, so long as they aro not parallel to the opposite 
tides, 08 B (h^g. 16). 

If any two of the sides aro parollol to oaoh other, the figure 
is called a trapezoid, as c (Fig. 17). 

To construct a trapezium similar and equal to another^ 
c B E F (Figs. 18 and 19;. ^ 

Draw A B equal to c B. 

At A construct an angle 
similar to that at C. 

Make A a equal to c E. 

At B construct an angle 
similar to that at b. 

Make B H equal to B p. 

Join H a, and the trapezium on A B will be similar and equal 
to c B E F. 

It is advisable that the students should bo roiieatedly oxer* 
cised in oonstructing 
figures similar and equal 
te each other; and os 
tho correct rosult of tho 
higher figures depends on 
tho refinement of thoir con¬ 
struction, the most tnlense . 
aeciiraeg should, from tho ^ 
very outset, be aimed at. 

Having thus illustrated the difference between the trapezium 
and tho trapezoid, and between similar and equal, we now pro¬ 
ceed te construct those figures similar to others, and of given 
dimonsions. The artisan oannot too soon begin te work to 
“ scale,” and he is therefore recommended to take the measure¬ 
ments from his rule, not from these pages; the result must be 
the same, even though the mere sizes may be different. 

To construct on the given diagonal, AB (Fig. 20), a trapezium 
similar to another, C B B v (Fig. 21). 






Draw the diagonal CB in tho given tropozinm. From o and 
B, with any radius, drow ares catting the diagonal o B in a and 
B, c p and c E in I and J, and n e and B f in K and n. From 
A and B, with the same radius, desoribe ares outting the 
diagonal A b in u and K. From the point H, cut off on the arc 
the length g j —^viz,, to O, and also the length a i —^viz., to r. 
From point w, out off on the aro the length a K—vis., to 
Q, and also tho length a L—^viz., to a. 

Draw Bq and BB; also AO sndAE, Produce thoseliuea tmtfi 
tbqy meet in 8 and T. asbs wiUbetiwtcapezinmrequurad. 
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ISiia result would be the same, whatever in4rht be the length 
of the diagonal or the relative sizes of the figures, as an angle is 
not altered by the length of the lines of which it may be Igm od. 

To eanttruct a trapezium from the following given dii 
(Fig. 22).—Sides c a and c B are to bo 
B<l^eiit to each other, forming an angle 
Bi^ar to A B c. c A is to,be inches 

long; c B, li in.; A B, 1 in.; bd, li in. 




Now, in the figure 
hero rofinired, the 
first fixed condition 
is, that the sides o a 
and c 11 are to make 
an angle similar to the given angle A b c. Therefore at any 
point, oonstrnot this angle (o c 6), and produce tho linos until 
c A is If inches, and c b inches long—viz., to A and b. 

From A, with I inch radius, describe an arc. From b, with 
If inch radius, describe another arc catting the funner in D. 
Draw A D and B i», which will complete Fig. 23 from tho 
given dimensions. 


COLOUR.—II. 

By Ihotesaor CiniacK, Boyal AgricnItuTa] College, Cironoester. 
■COMPOSITION OP BIGHT—COM I’LEMKNTAKY COBOHBS—THE 
SPECTBHM. 


It was Newton who first disoovored the compound nature of 
white light. In order to split up a ray of tho solar light into 
its constituent parts, tlie following ooutrivonoo (Fig. 1) maybe 
adopted:—Through a hole in tho shutter of a darkened room a 
beam of light, s, is allowed to enter. This small beam must fall 
upon a ptfam of flint-glass, a, so arranged that the side, p, opx>o> 
site to its refracting angle is uppermost and horizontal. The 
beam will bo refracted and dispersed, as described in our last 
paper; and if the refracting angle of the prism bo 60**, a vertical 



Fig.1. 


liand of rainbow oolonrs will be produced on a screen placed 
at a distance of five yards or so from the prism, a. This 
band, n i, is tho solax speotnim. It consists of a very largo 
nnmW of different tints, amongst which it is easy to distinguish 
oeven principal colours. Beginning at the end of the spoctmm 
which nearest to the spot, k, tiie beam would have reached had 
bo prism bent it out of its path, we find the order of the colonrs 
is as follows:—^Bed, orange, yoUow, green, bine, indigo, vioM. 
Now the mode ip whbh those colours have been separated from 
white light is snffioient proof that they cannot bo further sepa> 
rated into other Idnde (ff colour. This anticipation is realised 
by aotnal trial; for if, as in Fig. 2, one of the colours of the 
apeotrum, v, be allowed to pass through a hole in the screen, K, 
on whioh &e biuid (ff deoomposed light has been receive, it 
oaosot be alte(red by being transmitted throngb a second prism. 


B. The ray will be rofnoted, of conrse, bnt it will show bnt 
one colour, as before, and ite image will not be elongated. 

We have already learnt timt every ray of oolonrod light has 
its own wave-length, and^ therefore that all the oolonre of the 
spectium, however similw they may seem, are really ^distinct 
tints. But this consideration does not take in all tlto‘facts of 
the case. Tho green of tho solar speotrum is not compound, 
but simple ; and yet wo Icnow that many substances of a groen 
colour may be split into two components, one blue and tho otiier 
yellow. Supposing for a moment wo can exactly imitate tiie 



Fig. 2. 


Ifreon of the solar spectram by mixing yellow and bine pigments 
together, this fact would not of itseff suffice to prove that tho 
solar green was really a mixed hne; but it would show that the 
sensation of vision is similarly excited by the waves that reach 
the eye from these two colonrs—one simple, tho other apparently 
compound. Preoisoly the converse of this holds good. Wo can, 
as might be expected, re-form white light by re-nniting all tho 
seven dispersed coloured lights of tho solar spectrum (wo will 
describe how to do this presently); but wo can roach tho same 
result by re-nniting merely certain pairs of those coloured lights. 
Thus, the following unions of two colours generate white, or 
nearly white light:— 

1. Rod—grecuisli-blae. I 3. Yellow—indigo-blne. 

2. Orange—Prussian-blue. | 4. Greenish-yellow—violet. 

Those jjairs of colours, and many others loss easy to distinguish 

by inteiiigiblo names, when united lose their resimotivo colonrs 
and become white. They are called complementary colours. It 
will be seen that wo liave followed in our grouping of thorn the 
sociucnco of the colours of tho spectrum, beginning with tho red 
or least refrangible rays; but in order to produce white light 
by the combination of any couple of tho abovo colonrs, two con¬ 
ditions must bo fulfilled—^tho intensity and the quantity of Uio 
oomponent rays mnst bo adjusted with core. By receiving two 
such coloured pencils of light npon a lens which condenses and 
brings thorn to the same focus on a white screen placed at a 
suitable distance, the result is a perfectly white light; but, to 
socuro this rosidt, tho constituents of a coloured ray are os 
important as its apparent quality of colour. Thus Helmholtz 
has found timt tho red and bluish-greou of tho spectrum produce 
yellow, not white; wlulo red, with the blnish-groun formed by 
the union of green and indigo, does yield white. Groen and red 
have indeed .a relation to each other which is different iii some 
particulars from that of many other pairs of colours. They, how¬ 
ever, are often included among tho pairs of so-oollod comple- 
meiifarg colours for reasons to bo hereafter uotiood. That there 
is something very pocaliar in tho relation of green to rc<i may 
bo also concluded from tho frequency with which these two 
colours are confounded by persons who suffer from colour-blind¬ 
ness or Daltonism. 

One of tho moat ourious of all tho results of studying 
tho re-composition of white light is tho relation of yellow to 
blue. It is a matter of observation that a yellow and bluo 
liquid and a yellow and bluo powder, when mixed together, pro¬ 
duce respectively a green liquid and a green powder. But a 
very different result ensues on mixing blue and yellow light 
together. When tho blue and yellow rays of the spectrum are 
mixed together, white light is produced. The same offset 
results from receiving upon the eye tho rofiootod imago of a disc 
painted with gamboge along with the direct image of a second 
disc painted with oobalt-bluo. Though a disc painted with 
these two pigments mixed together would have appeared green, 
yet when the lights those pigments respectively reflect are con¬ 
veyed to the retina as above described, then, where the two 
' images coincide, whiteness is the result. 

! We must now describe some of tiie peonliarities of diSermit 
apeotra, and afterwards a tow of the more recondite methods 
I by which colour is produced. 
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Oor purest scmtoe of oolonred lights is a speotnun. We 
uajruso the speotnun of the solar beams, or that from the 
elootrio lamp: the latter !<< more oonvenien^ and yields,.os we 
have previonsly stated, a light more oomplex than the son; for 
in the solar spootram there are some three thnosand or more gaps 
where fays are missing. These are the black lines first noticed 
by WollMton, in 1802, afterwards mapped oat by Fraonhofor, 
and at last explained by Bnnsen and Kirohhoff. These block 
linos indicate lost rays—rays which have been blotted out 
by absorption. The absorption takes place in the following 
manner :—In the sun’s gaseous enveloiHj oortoin vapours exist. 
These vapours ore opaque to certain rays of light; they do not 
allow them to x>ass, but qnoneh them. There is, for instanuo, 
the metal sodium in the sun’s gaseous covering. Now sodium" 
vapour is opaque to a certain yellow ray which it itself origi¬ 
nates when it is burnt. Consequently, the place which should 
bo occupied by a bright yellow band m the solar speotrum is a , 
dark lino, or rather group of Unes, called B.. In like manner ' 
the other black lines, or many of them, have been traced to the j 
special absorptive powers possessed by the sun’s gosemm enve- 1 
lope, and exercised nppa certain rays of light emanating from i 
within. Those block lines, however, in the solar spoctriin'e i 
though rendering it imperfect in continuity, are of great ser\ ieu 
in referring to the localities of particular colours. Yet wc 
must not forget that the material of tho 
prism exercises some infincnco upon tho 
position of tho lines and tho relative extent 
of the ouluurod bands. With a future part 
a oolonred plate will bo given in which 
will be shown tlic positions ooonpied by 
tho most important of the block lines and 
coloured spaces in the solar spectrum 
when obtained by means of a flint-glass 
prism in the speetrosuopc. 'I'he conditions 
of success in obiainiiig these lines dis¬ 
tinctly are a narrow, ulcan-edgod slit, a 
collimating lens to make tlie Inminuus rays 
parallel, and a prism of highly-rcfractivo 
and dispersive glass, quite free from striiu 
and flaws. The iustrumeuts known as 
spootroHCopes are, however, always of more 
oompliented ennstmetion than these con¬ 
ditions seem to involve; for it is. desiniblo 
to use a buttery of prism# instead of one 
prism, and to obtain a magnified image of 
the speotrum by moons of a combination 
of lenses in a iuloscopo. Let us tuin now 
to the considemtion of ike spectra as ob¬ 
tained by means of (lio spectrosoopo. 

Most of our sources of artificial light ---s;..' 

yield spectra without lines. An oil-lamp, *• 

gas-flame, tho oloefrio light, are instances 
of this kind. But it is e.'isy to secure a flame which shall yield 
a very simple spi'ctrmn, reduced by the absence of so largo a 
number of rays tliat it shall merely consist of a few bright 
bands, or merely of one. Dissolve a little commou salt, for 
instance, in some nuthylated spirit of wine, end introduce the 
solution into a spirit-laiu)). The flame will, to tho eye, appear 
tolerably luminous and distinctly yellow. Tho spectrum of 
this flamu shows little more than a single brilliant yellow band, 
oocnpying the dark space of the sohir spectrum called B. The 
meW spdimn is distinguished from other metals by its flame 
omitting rays of tliat partieular rofrangibility only. If a salt 
of litliinm be taken, and dissolved in spirit, the flame of tbe 
lamp will be crimson, and two coloured bauds will churacterisc 
tho speotnun. One of them is red, and very distinet; tho 
other is of a faint orange tint. Other metals produce different 
spectra, though iu mauy cases tho colour which they impart to 
tire flame cf a Bunsen gas-burner or a spirit-lamp may seem to 
tho unassisted eye identical. 

Ill trying experiments with coloured flames, in order to study 
their effects on the appearance of different objects, tho following 
oontrivauoo may be used t—A (Fig. 3) is a Bunsen gas-bm-nor 
(which is best made of steatite); b is .a bundle of flue platinum 
wires, dipping into a small Vessel containing a mixture of a 
Solution of tho motidlic salt to be experiment with, and am- 
uonium ohloridti. A ball of pumioo attached to a bundle of 
asbestoB fibres may be substituted for platinum wires. The 


followjpg is a list of substanees which give ooloors of different 
hues to t flame of a burner under the oiroumstanoes desoiibed, 
the motollio salts most applicable being those known*a8 (fiilo- 
rides, chlorateB, and nitrates 


Bvbutanau. 

Calcium nitrate . . . 

Zithium chlozido , , 

girontiuTO nltmto or chlorate 
Sodium oblorids . 
liarium chloride or chlorate 
Boraoic acid 
Thallium perchlorido . 

Copper chloride . . . 

Indium ohlorido. 

Potassium chlorate 


Cokun o/ Plsme. 
Bed. 

Coxinino. 

Crinmou. 

Yellow. 

YellowUh-green. 

Green. 

Greeu. 

UlolBh-green, 

Indigo-hlue. 

Violet. 



Tho above substanees give, for the most part, spectra with 
many bright linos of different oolome; but the red lines will 
dominate in one spectrum, and tho green in another. 

Thus far wo Lave been studying light and colour by means of 
tho prism: we will now see how Uic colours of the speotrum 
may be separated without that instrument, and yet without loss 
< f luiy of their component ports. Some of tho most beaut-iful 
idiimiimena of colour are produced by a modifleation which light 
luidorgoes when it passes tho edge of au opaque body, or when 
it traverses a small opening. Light then 
turns a corner. This bending of tbe waves 
of light has been termed iliffracHon. Tho 
source of light in studying the phenomena 
of diffraction should be a taiuiiuius or 
highly illuminated point. A .'•Ilvcrcd bead, 
or steel globule, or the focus of ways ob¬ 
tained by the action of a lens on a beam 
of light entering a dark chamlnT by me,".as 
of a snutll hole--all these ooutrivanccs' 
furnish a suitable light. If a i.avrow 
rectangular slit botweeu two metaliio 
edges bo pl.acod in a beam of light, between 
the focus of a lens and a screen, tho sjiace 
between tho edges wUl bo occupied by 
bands of coloured light. If one colour 
only be used, as by the interposition of a 
Bcroen of rod glass, tlicii alternate bauds 
of that colour and block will bo'-seen. By 
using, instead of a simple rectangular slit, 
apertures differing in size, number, and 
shape, very beautiful chromatic apiicor- 
ances may bo developed. Tliose may be 
obtained by looking at a bright point or 
lino of light through a bird’s feather 
mounted in a card-frame, through a piece 
of glass dusted with lycopodium spores, 
through a fine wire-grating, through a 
piece of very fine cambric, or through a plate of smoked glass 
nded with fine lines. 

'Ilio halo of ooktars Bometimes seen round, the moon and the 
Bnn is a phenomenon of tho same kind, produced by tho diffrao- 
tion of light by tlio globules of water constituting the fog. 
Tnujcrfectly polished metals, tho feathers of many birds, and 
the surfaces of mother-of-pearl, owe port, at least, of the peculiar 
coloured effects which they exhibit, and which are kjwwn as 
iridesceuoo, to tlie diffraction of tho light rofleoted from the 
small btrim, filaments, or folds of their surfaooa. 

Now, without entering into the minute particulars nooessary 
to eluoidato those appearances thoroughly, we may state that 
the phenomena of difiraotion are duo to two causes. One of 
these is tho bending of light round a comer, os waves of water 
bend ronnd a rook in a lake; the other, tho intorfuronee of the 
waves of the light-rays so bent with one another. _ Interference 
of one set of oscillations with those of another sot may even 
extinguish the light altogotiior. This takes place when tbe. 
firests of tile undnlatious of a ray ooiuoide with the hoHows of 
the undvdatiouB of another ray: thus there will bo. rays on 
nitiicr side of a slit wWoh, bent by diffraction, will by tiiis 
kind of interference exactly nentialise each other and abolish 
the light. 

The dork bands and linos produced by difTraetion are ex¬ 
plicable in this way. As to the cai^se of tho oolonie seen 
under the oonditions just mentioned we may refer to tixj 
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oblktntty of the paths of the diffracted rays. If red light be become damp, act thos, and where the lines cross public streets, 
employ^ black and red rings or bars alternate j but with they are frequently fouled by the strings of Utes. Thoao 
violet light, black and violet lings or bars are seen. The violet -strings becoming broken in the attempts made to save the 
rings are nearer together than the red, because <their waves Mte, get twisted round the wires, and in damp weather greatly 
are smuller than the rod. Wo can obtain bands of oolonrs interfere with the oornmnnioation. 

intermediate in width between' red and violet by employing, for pi earthenware insulators cracks are not unfrequently pro- 
example, green light. Hence, when white light passes through duced by the unequal shrinking of the wire in drying or baking, 
a slit, wo obtain a series of coloured spectra side by side, bo- i and if these are covered with a glaze they may escape detection 
cause the constituent colours are not superposed, owing to the at first. Aftor a while, however, the glaze oraoks, and then the 
obliquity of the paths of the rays end their different wave- flaw becomes apparent by the esoapo of the current. A good 
lengths. More or less obliquity in the path of a diffracted glaze is useful, sinoe it hinders the adhereneo of dirt and dnst, 
ray will cause it to differ, by various parts of a wave-length, but it must not bo depended npon as on insulator, 
from other diffracted rays of the same beam. All insuliitor.s should, before being employed, be carofnlly 

The colours of thin plates correspond in soquenoe, ns do those "tested, so that defective ones may bo reject^. TMs is usually 
of-diffraction, to the colours of the prismatic spootrara. They ; done by immersing the porcelain or earthenware portion for a 
ai-e imxiuced by the interference of tlio my which enters the j few hours in dilute sulpliurio acid, or in salt and water. One 
thin liniispnroiit film, and is rofioctod from its second surface, [ )>ole of a liattcry is then applied to the stalk of the insulator, 
with the rav Which is directly roflooted from its first surface. , imd the other i.s immersed in the liquid, a delioato galvanometer 
A soaivbnbblo may be of such a thickness os to retard the beam being introduced into the circuit, and in this way a flaw is easily 
reflected from its second surface by half a wave-length, or by detected. In a few cases a portion of the glaze is removed, so 
any number of half wave-loiigths. Then it wiil be found that as to to§t the quality of the ware itself. 

tleei bubble is block, because tlio two roflccieil beams are in com- J On a very wot day it is often found difficult to communicate 
pluto discordance; and a destnietion of light follows. ’ITicn, with disbuit stations on account of “weather contact,” or the 
again, soap-bubbles may vary very much in the thickness of leakago of the current along the insulators and posts. In such 
different parts. As tin? waves of light dillcr in length, so they «■ “““efmjuently found very advantageous to join a fresh 
will require different thicknesses to produce accordance and dis- of batteries side by side with the others, so as to increase 
cordance. Tim result of tliis is tliat a thickness of film which the quantity rather than the intensity. Two batteries thus 
is competent to extiuguibh one ooluor will not extinguish other joined side by side are, of course, equivalent to one having coIIe. 
colours. Thin films of variable and "changing tliickucsses, double tho size. 

iUnminatod by white light, will therefore display in their Tho following experiments tried by Mr. Wallcer, of Uio South- 
different parts" variable and changing colours. Tho colours of Enstern Railway, illustrate this well. Tho figures in the last 
the precious opal ai-e duo to tho interfereueo of the internal column iilibeate tho strength of the current received at the 
reflections from its minute vacuens fissures. The colours of i further end, as shown by a quantity galvanuinetor, Tho line 


tar-films niioii water, of many insects' wings, and of lead-skim- 
ming.s, arc duo also to interference. So also are the splendid 
chromatic apppai-amica of certain cryshils when viewed in 
polarised light, aTid, to some extent also, tho colours previously 
allndcd to’ as iridescent. 

"Wo will next tuni our attention to the production of colour 
by “ Bolentivo aWorption,” to the ro-composition of white light 
by the re-uTiion of its scattered elements, and then to the 
mutual relations of those coloured elements. 


THE ELECTRIC TELEGRAPH.—II. 

By J. M. WiONKB, B.A. 

INSUI.ATOB3 (cuuHinteii) —^TESTTNU them—MODE OP MASTXO 
JfllN'J'S—LIOHTNING CONDITCTOUS—COVERED WIRE— 
MODE OP MAKING JOINTS IN IT. 

However perfect the insulators employed on any lino may bo, 
there w sure to bo some sUghl escape of the current, and our 
care is to reduce this te a minimum. Dust and dirt settle on 
tho insnlater.s, especially when they arc (lamp, and thus allow 
some portion of tho electricity to usca]io to the post. Formerly ' 
a screen was placed over tlie insulator, to shiold it from tho 
wdn; but it is now found that when there is a good glazo to 
the earthenware, the rain washes off the dirt, so Oiat after long- 
continned dry weather a smart sliowcr will frequently mato- 
riaUy improve the insnlation of a long lino; tto screen is 
oonsoquently dispensed with. 

Glass and different glazes also condense tho moisture of tho 
air on their surfaces, and thus produce a damp layer, by which 
the current escapes. In this respoot ebonite is found to bo 
Bnperior to any substanoo of a vitreous nature, but at present 
its durability and economy have not been snffloiently tested, 
and it is but little adopted for general purposes. When, 
through defective msulators, or in any other way the current 
leaks to the ground, tlie lino i- said to bo “ earthy,” and usually 
the defect may bo reinodiod by an increase of tho batteiy power. 
If a full contact is made with tho ground, so that the whole or 
tho greater portiom. of the current is lost, there is said to be 
“dead earth.” 

Very frequently a portion of the current looks from one wire 
to anotiier, and in tliis way tho raosaagos along both lines ore 
tendered more or less indistinct. There is then said to be 
“oontaot." Spiders’ wqbs round tiie wires will, when they 


was a defective portion, five or six miles long :— 


Cells, 

£>(70. 

strength. 

CeVts. 

She, 

Strength 

21 . 

. Ordinary 

. . 10 

48 . 

Double . 

. . 37 

21 . 

, Double . 

. , 21 

72 . 

Ordinary 

. . 21 

24 , 

« Triible . 

. . 27 

72 . 

Donblo . 

. . 43 

21 . 
48 . 

, Sixfold . 

• Ordinary 

. . 32 

. . 19 

9C . 

Ordinary 

. . 2J 


From this it will bo soon that a greater power was obtained 
from forty-eight colls connected in pairs (twenty-four double 
cells) than from ninety-six connected in the ordinary way. 

In ramiy of tlio telegrnjih wires that cross tho roofs of houses 
in largo towns, a form of, insulator different from any hitherto 
described is employed. It consists of a short cylinder of parce- 
lain (Fig. !>), with a hole pierced along its centre, and a broad 
groove round it, so tlmt it somewhat resembles a short and 
stout reel. 'I'lio wire i.s then passed round the groove, and 
fastened off as at an ordinary terminal insulator. Another wire 
is p.assed tbiough the central hole, and by this it is affixed to 
the post. 'niM wil'd at the other side of tho post is fastened in 
a similar way, so that two insnlators are required at overj' post. 
As, however, they are of a very simple form, consisting merely 
of a lump of porcelain, their cost is but small. A short link o 
wire is connected beyond tho insnlators on each side, and forms 
tho passage along which the olectrio current passes. Tliis plan 
is found much mere simple and ooonomieal for carrying tho 
wires over houses. If any wire breaks, only the length between 
the two posts is affected, and can easily bo repaired; it is also 
easier to stretch tho wires when fastened in i.his way. 

Wire cannot cosily bo obtained in lengths of more than about 
a thousand yards, and usually it la mode in shorter pieces; 
frequent joints have, therefore, to be made, and tho manner of 
malving these is a thing of very great impoitanee. It is not 
sufficient merely to make a strong joint, which shall bear the 
strain: wo must also ensure a complete electrical contact; and 
as, after a while, the wire becomes more or less oxidised, great 
care is necessary, or else in a short time tho current would be 
seriously imi»o(iod; or even altogether interrupted. The joint 
most frequently employed in England is that known as tho 
llritannia joint, and is represented in Fig. 6. Tho ends of oaoh 
of tho pieces of wire to be joined ate first carofnlly scraped and 
cleaned, so as to remove all oxide. About half an inch at the 
end of each is then turned up at right ftngles, and the two 
pieces being laid side by side for two or ■Uiree inches, are care¬ 
fully and tightly bound, round with galvanised binding wire. 
Tho bent onda ehould -teen be out short, as otherwise, when 
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’blown about by tho winA they are apt to hook the next wire, 
and thus nuke a falao contact. 

In order to nu.ke the joint more ■oonre, the whole ie very 
froqnontly made tight by soldering, and many engineers oon> 
eider this of tho ntmoet importance, but in towns it is almost 
given iq>, arid Jittle or no practical inconvenience is fonnd to 
aocme. It adds, however, to the strength to employ solder, | 
since the wires sometimes become injured by the twisting, 
and then, after a time, yield and break. 

The other joint commonly .employed is known as tho 
twist joint, and in France it is almost universally adopted. 

To m^e this it is necessary to have tho 
ends of the wires qnite soft and pUnble, 
as otherwise they will break off abort, 
and cause ia’'.cb moonvenienoe and delay. 

When carefuHy cleaned, they are laid 
side by side <’r,r about five or six inohcH; the ond of each 
is then earofuHy ond tightly twisted round the other, a 
Bimoo of about on inch being left in tho middle, to avoid 
turning the wire too sharply, and thus iniuriitg it. In 
order to make this joint, it is nocoaaary to have a clip of ■ 
some kind to hold the wires firm while they are being 
twisted. The French nsuoUy employ two small screw- 
olamps fitted with handles, and witli the aid of these the 
joint is easily made. In this country an ingenious arrange- Fig. 
ment, consisting of two stool bars, jointed in tho middle, 
is us^. One or other of those two joints is almost universally i 
adopted. | 

The wire employed ie carefully tested for strength, and also | 
for ductility. Short pieces of it are gripped between two vices j 
six inches apart, which are then twisted in opposite direotioiis, ' 
and tho wire should stand from fifteen to thirty twists, aoeording 
to its size, before it breaks ; it is also tested by tho application 

of weights so as to find its break- _ 

ing 'strain. As few wolds as 
possible should be allowed, and 
these should bo carefully tested, 
a« it is usually at those idocos 
that the wire breaks. It is a 
very good plan, when stretching 
the wires, to draw them as 
tight as practicable by moans of 
a block, and,then let them bo 
pulled sideways with consider- ^*8’ 

able force. In this way they will 

bo straightened, and tho weak places very probably detected. 
They may then bo pulled tighter and fasl«uod to the insulators. 

W'hon a number of wires are placed on tho same posts, core 
is required to ensure a suffloient distance between them, as 
otherwise, when they bocomo a little slack, and are swayed by 
tho wind, they will touch. Tho lateral interval, when tho 
posts are at tho usual distance of about sixty yards, should be at 
teast twelve or thirteen inohos, and tho vortieal distance ten 
inches. If tho posts are f urtlier apart, greater distances should 
bo given. 

■yiTion the wire is affixed to a terminal insulator it should 
not bo twisted, as in that case it is very Hkoly 
to break. The ond should bo slightly turned 
up and then passed round tho insulator, and 
securely bound after tho plan shown in 
section at Fig. 8. 

Telegraph posts should always bo provided 
with a pointed wire projecting above the top, 
and oonneeted mth the ground, so as to servo Fig. 

as a lightning oonduotor. From their elevation 
they attract the lightning, and wore it not for these oondnotors, 
it would pass along tho lines and often do seyioua damage to 
tho instruments or fittings. 

In most oases the wires are snspondod in the air in the way 
we have boon explaining. Occasionally, however, they oro 
plaood beneath the surfooe of the ground or tho sea; and then, 
of oourse, they must be insnlat^ along their entire length. 
Sometimee, to avoid the iuoonvomenco of fixing wires on tho 
roofs of houses, or tho danger of their crossing public thorough¬ 
fares, they are laid under the paving stones at tlie side of a 
Btreet. The usnal plan is to Uy a metal pipe in a narrow 
trench, and to plaoe the wires inside this pipe so as to protect 
them horn aooidental injury. Copper wire is usually employed. 




and as it ie a much better oonduotor fhan iron, and has no 
strain to support, it may be used of a much less diameter. 

The simplest plan of insulating it, and that almost nniver- 
saliy adopted, is to apply a coating of gutta-percha to it. 
This is oarefully laid on when quite soft oud warm, and on 
cooling forms a firm protection,'and being a good insulator pre¬ 
vents tho escape of the fluid. Sometimes a second or third 
coating of gutta-percha is applied outside tho first, so that 
if an accidental flaw exists in the one, the otiier may 
cover it. The wires are nsuoliy brought np at dis¬ 
tances of about a mile, into iron pillars arraugoil for tho 
purpose, BO that in tlie event of any 
.interruption of the ooiuraunioatiou, the 
wires .can bo tested, and the exaot 
position of tho fault ascertained. In 
this way much unuecessary trouble 
in breaking np tho stroots to discover the plaoe of tho 
injury is avoided. 

In many parts of London, a small cable may be soon 
overhwid, suspended from two wires placed a little above 
it. IThis cable contoins a largo number of separate insn- 
latod wires bound together in one bundle. Most of these 
nro private wires employed by different business houses, 
for oonimuuieating with branch offices, or manufactories. 
5. The instruments commonly used in those cases will bo 
described in a future paper. Tho wires being coated 
with gutta-porului are completely msnlatod from one onotlier, 
and single ones oro l^rought out of the bundle at any required 
plane. 

In a few instances sabtorrancan lines are laid for oonsiderable 
distances, but in these cases some additional protection is 
usually given, n.s it is found that the gutta-percha alone, if 
exposed to tho air, or to moist ground, perishes in a few years 

and becoinos almost useless. On 
this account all external con¬ 
nections from offices which are 
mode with this wij'o (and must 
are made with it) ought to be 
covered with tape, and to roooivo 
a good ooating of Stockholm tar 
once or twice every year. When 
this is done they u^l last almost 
indefinitely. In velly exposed 
positions, it is better to protect 
them still further by enclosing 
them in a pipe, or putting a wood-casing round tliom. 

As this wire is so much used, ospocially in important 
positions, it will bo well hero to explain the way in wliich Joints 
may bo made in it, according to tho instructions given by tho 
Gutta Porcha Company, who are tho chief manufooturors of 
tho wire. 

A few narrow strips of tho very thin sheet gutta-percha 
should bo in readiness, and also a little warm gutta-percha 
about one-eighth of an inch thick. One or two tools for heat¬ 
ing, and a spirit-lamp are also required. Having softened the 
wire by warmth, tho covering may very easily bo stripped off 
with a knife for jiist as far aa is roqtusito 
to make the joint. Tho ends should bo 
well cleaned, joined, and soldered in the 
nsoal way with tho twist joint. Sometimes, 
as on additional prooantion, tho joint is 
bound with thin wire before soldering. Tho 
gritto-percha on the wire beyond the joint 
8. should bo softened and tapered down to the 

wire. 

Now take a narrow strip of the thin sheet, and fixing it to 
tho worm tapered port, twist it spirally along all tho joint, and 
fasten at tho other side. Having done this, gently warm the 
snrfacto; then lay on in the same way as before a second strip, 
wrapping it round in tbe reverse direotion, and warm again, , 
Sometimes a third strip is added as on additional safeguard, 
and in important places it is well to do so. OutBide this lay 
on a layer of tho thicker gntto-jieroba, taking care to make a 
good contact with tiiat covering &e wire beyond the .ioint, and 
smooth and finish off tbe whole with a warm tool. With oaro 
and oleanUness, a j(fint thus made is os aeonro os the rest 
of the wire. Moisture or dirt, however, if allowed to enter 
daring the prooess, will impair the joist very maoh. ^ 
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^ BT BOBXBT BALL, W-A., 

FnJlaMOr o( A:i 9 U«a Matham Atlo, Boyil OoUag« of Bolenae, BaUla. 
BXFXBIKBNTa OK TBB THBBB-SBKATX BBLLXT - BLOCK— 
BimUHTIAL FULLBT — KnOTOLOIDAL FULLBT —OOK- 
CLTTDtHO BJncABXB. ^ 

Tkb ihiee-iliMTe pnlley-blook has been described in “Me- 
ohwoios.”—(PoFULAR Uddcatob, YoL II., pa^e 61, Fig. 74). 
Oar dnir is to deaoribe the mode of experimenting with it, to 
record '&e reeulte, and to explain their eignihoanoe. 

One experiment will be folly exf^ained, as by th& means the 
process be better understood. Tho sheaves .. 

are about 2"'S in diameter, and the rope used UM 

was what is colled teohnioally “ imperial patmt UH 

sash line." A weight of 228 lb., not including . 

the weight of the block itself, was attached to I (|l 

the hook of the lower block. According to the w^| 

theory of virtual velocities, a power ono'seventh 
of this should be sufficient to raise this load, but W 

a power of 38 lb. was found 
not eufflcient, though if the 

load were raised a little, 38 j 11 ■Hi 

lb., or indeed leas, would '* wbL 

prevent it from overhauling. Ifl i ■ | HHI 

It was found that a power |L 

of 56 Ib. was necessary in Bh 

«rdor to raise the weight, 

so ttiat the power is soon to 

be about one-fourtii of the v^^H 

load, instead of one-sixth. Vim Mp 

A series of experiments with jU\ ™ dli ^ 

different loads was tried, and ^ U 

the result is given in the j | ^ A 

The firstLolumn shows the jf i Ijffi W 

number of each exponmont, ^ M 

which amount to eight; J w 

the second column gives the |j | ^ 

load, which was in each ease J. I An nD 

euspended from the lower It I HI l|) V 

pulley-block: and the third J i m jJ 

column gii%s the corro- ll ’ ^ jjr H 

spending rahio of the power. Jl 

From columns 2 and 3 the ^ 

has been calculated to bo that Mllim - Bwl 

which represents tho relation 

between the power P and the load n MW 

with the greatest fidelity. The calcu* 

lated values are shown in the fourth 

column, and they arc compared with 

the observed values in tbe fifth columu, 

whioh shows the differonoo between the 

two. Thus, for example, in Experiment 

7 a load of 395 Ib. was found to be 

raised by a power of 97*0 Ib.; but had ^^^H 

we used the formula we should have 

9*38 + 0^ X 87 = 9e*A_ 

'TIIBKB-BHBAVX PVLLBT-BI.OCK, 8UBAVBS 2"’5 ON WBOUaHT- ! 

ibok axlxs. pobhula P = 2*36 -f- 0*238 B. 


Ob examining the table it will be seen that the difiEerenoe, 
0*6, between the oalonlated power and the observed power is 
shown in the fifth oolumn. It will be notioed Oiat the dif¬ 
ference* between the oaloolated and the observed values are 
always very email. This shows that the formi^ represents 
the experiments with uoonraoy. 

THB DirVXBBKTlAL PtTLLXT-BLOOK. 

A pulley-blook whioh has been introduced within the last 
few years, and whioh has been found of the utmost pnotiosl 
ntility,_haB been called the Differential Pulley-blook. It is a 
oonvenient adaptation of a meohanioal principle * which is of 
oouaiderable antiquity, but has never been embodied in a 

k practicable madiine until this happy inventioiL 

The principle of the machine will be understood 
from Fig. 2, whioh shows in a diagiammatio form 
the action of the pulley, while its general appear¬ 
ance is given in Fig. 1. It consists of a fixed 
and a movable block, and an endless ohain. The 
k upper block, A (Fig. 2), is oompo^ of two sheavos, 

a which are, howovor, in one pieoo, and turn to- 

gather. One of these sheaves 


* Nnmbw of 
Experiisant. 

B 

Iioad Jnlb. 

Observed 
Power iu lb. 

B 

Calculated 
Power in lb. 

1 

57 

15*5 

15*0 

S 

114 

89*5 

89*5 

8 

171 

43*5 

43*1 

* 4 

. 889 

56*0 

56*6 

5 

881 

70*0 

68*3 

6 

338 

88*0 

82-8 

7 

385 

97*0 

96-4 

8 

483 

106*0 

' 109*9 


DilFeronee 
of Observed 


latod ’Values. 


I is a little greater in diameter 

than the other. Tho lower 
iJIJlplM sheave, B, only differs from 

ffi'liWytslalitt tho ordinary movable pnllqy 

jlA in having small ridges in its 
\ groove, in order to rooeive 
1 \ tho links of the chain pro- 

1 \ \ perly. An endless ohain con- 

I \ \ neots tho two blocks; the 

1 \ I course of this chain is indi- 

I V cated in tbe diagram by the 

1 q\ .arrows. From v, where tho 

k \ jj 1 iKjwor is applied by tho 
1C \ \ hand, tho chain passes over 

1 \ I the larger sheave, then down 

1 \ J under tho movable pulley, 

I then np again around the 

I smUlor sbeavc, and back 

The action of tho machine 
Ij 1 1 o! I'l' will now be easily seen. The 

B nJI] Iupper sheave winds np the 
If ^ chain on tho side marked o, 
// and at tho same time lowers 

it on the side marked n, as 
Fie 2. indicated by tho arrow; but 

ainoo the groove by whioh 
the chain is raised is larger 
than that by which it is 
lowered, it follows that the chain most 
bo wound in a little faster than it is 
g lowered out; henoo the pulley, B, must 
' be raised gradually. Tho orijdu of tho 
name is then evident: the raising of 
the load is due to the difference of 
those actions. -By haring the chain 
endless, a mnoh smaller length of chain 
will Buffice than would otherwiao be 
necosaaiy. 

The velocity ratio of the differential 
pulley is most easily ascertained by 
I measurement. Thus, in a pulley of this olaaa which is adapted . 
for raising weights up to a quarter of a ton, tho velocity 
ratio is 16. This was found Iv observing that sixteen fert 
of choin must be pulled out of the upper block in order to 
raise the hook one foot. But the meohanioal effioiem^ of 
thie machine is by no means sixteenfold. Attaching S ewt. 
to the hook, it is fonnd that 86 pounds mnst be attached 
to the ohain in order to raise it. The power is moat conve¬ 
niently attached to the chain by means of little hooka, whioh 
pass through the links, and can reoeive the rings attached to 
tbe wetgfata. Henoe from this experiment we see that the 
mechonioal efficiency is 6 6, m roughly, dx or sevea-fold. 2%na, 
in the nee of this machine, though the power of a mao ie 
enabled |i» lift a weight dx times greater *0100 would be poa> 


DC., Fig. 66 (Fonua Bducaiob, Yd. I., p. 846). 
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libk wi&ont tbis unst«tae,. 7 et more than half ^ the ener^ 
or work which he pate into it is ooneomed hj friction. This 
apparent loss of onergyis not only nseloss, bnt, nnfortanately, 
OB energy is norer really lost, what is not usefully employed 
expends itself gradually in abrading the parts of the pulley, 
producing what' is known as wear and tear. To resist &is as ' 
far as possible, the working parts of the differential pulley are , 
speoially hardened. 

It often excites sarpriso in one who sees for the first time a ; 
differential pulley in action, that when the weight has been ; 
raised it will tamain suspended without the chain being hold ' 
or fastened. Tiiis property of not overhauling is one of tho ! 
most usoful features of tho pulley. It is not only very eon- j 
veident, but is a source of safety, as oooidents often occur j 
when heavy weights are raised by machines which do not' 
possess this proporty. In fact, in tho use of tho differential 
pulley, when the weight is to bo lowered tho chain Q must be ' 
polled, just as r must bo pulled when it is being raised; by j 
holding one of these chains in each hiuid, the position of tho 
weight can bo adjusted with the greatost nicety. This adds 
very much to tho gonoml utility of tho differential pulloji and 
renders it a meohanical aid of groat value. I 

That the differential pulley does not overhaul, arises solely 
from tho fact tiiat more than half tho power which is applied 
is lost by friotion, aiid therefore when friction acts to prevent 
motion it is moro than sufficient for the purpose. This pro¬ 
perty applies to all the mechanical powers where the mechani¬ 
cal effiuioncy is less than half tho velocity ratio; as, for o.Kamplo, 
in the serow, but not in tho throo-shoave pulley-block. 

The handle which is attached to the upper block of Kg. 1 
shows n modification of tho differential pulley, which is some¬ 
times useful; by turning this lover tho block is turned round, 
and therefore tho load is raised; by having a long lever tho 
power can bo greatly iucroasod. By this moans a'man is 
enabled to lift a ton or even more without using any vt.'., 
great exertion, bnt tho rate at which tho weight is raised is ef 
course, very slow. 

EXPnnmuNTS ppow the EPicYCLOinii, pth-let. 

In rig. 3 we have represented nnotltor kind of pulley, which 
is often oalled the opioyeluidal pulley-block. In this there ore 
two ohains—one stout ohain with a hook at each end, on which 
the load is carried; tho other a smaller chain, which passes 
over a sheave in tho upper block, end by moans of which the 
power is applied. Holding one part, P, in otio hand, and tho 
other part, Q, in tho other hand, tho woiglit can be raised and 
lowered with tho greatest facility. Tho mechanical power of 
this pulley is about fivefold, and as its velocity ratio is 12, it 
follows from tlio principle already laid down that tho weight 
cannot overhaul. 

There being two distinct hocks on tho load-chain, one of 
those hooks is always low down and convenient for raising,, 
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BT QEOBOE OlADSTOHE, r.C.S. , 

BTBIKQ (emitmuei). 

In the praotloal operation of dyeing the first thing that has to 
bo considered is the material to be dyed. Tho same prooesaes 
cannot be applied to cotton, flax, wool, silk, etc,, indiscrimi¬ 
nately ; in fact, it may be taken abnost as a general rule that 
one which will suit a vegetable fibre 'will not suit those derived 
from the animal kingdom. It is not, however, sufficient merely 
to divide tho articles to be dyed into these two olossos, for 
cotton and flax will nut dye equally well by tho same process, 
nor will a given amount of dye-stnff produce the same effect 
upon wool after it is spun or woven as before—one quality, too, 
of either wool or cotton will take up oolonrs much more readily 
than another. Nowadays there is a groat dispesutiun to use 
mixed goods as articles both of dress and furniture, in which 
cotton and silk, or cotton and wool, or a mixture of the latter 
with goats’-hair, are woven together. All such, if they are to 
bo enbsoqnontly dyed, demand much considcratiou as 'to the 
means to bo adopted. 

The aiibnal substanoes are, in nearly all cases, the most sus¬ 
ceptible to tho dyer's art, more brilliant colours being produced 
upon silk than on any other material. Woollen goods also dye 
very well; tho scarlet of our soldiers' coats, which is produced 
by cochineal mordanted with oxide of tin, being a colour the 
o(}nal of which cannot be attained on any vegetable tissue. It 
is, tiioreforo, a matte" of no little cUfficnlty to dye a mixed 
fabric of an oven colour. 

By tho aid of chemical solvents, if other means fail, the 
dyer eun at once detect any mixture in tho materials of which 
the cloth to he dyed is mode. For instance, bichloride of tin, 
when heated moderately, will turn vegetable fibres black, while 
animal substances will remain unaltered. If a mixed fabric of 
I cotton and wool bo boiled in nanstie soda, the wool will be 
ilissolved and tho cotton will remain untoue.bod. Again, cotton 
is wluteiiod by chlormo, hut silk and wool arc turned yellow. 
Having determined this point, tho next step is to ])repaTo tho 
article for dyeing. Of whatever material the goods may bo 
made, it is necessary to free them from grease, iron-mould, 
or any other occidental impurity; and if they are to receive 
any light or delicate tints, they must be properly blegchoJ. If 
tho goods are fresh from tho manufactory, they aro sure to 
contain oitlier grease or some dwtssing; and if they are old, 
there will probably bo some accidental stains, which will re¬ 
appear moro or loss after dyeing, if they are not first eradicated. 

The material being thus prepared, the subsequent prooessos 
will depend mneh npon tho article of which it may bo made. 
Confining our attention at present to simple fabrics, wo must 
take them separately. 

—To produce a good colour, silks sholild first be im¬ 
mersed for some hours in a strong solution of alum, which must. 


when the other has carried up its load. This is a practical 
convenience v/luch, as tho student may have uotioed, is not met 
with in the differential pulley. 

C'ONCLUDINa BEMAUKS. 

Tho TalqoB of tho velocity ratios and meohanical offleiencieB 
which have boon given in this lesson for difforontial pulleys 
apply only, of ourao, to the ai>tual apotumens which have boon 
cxai^.ed. Various sizes of differential pulloy-hloeks oro 
made, bnt the one hero referred to is that size adapted for 
lifting a quarter of a ton; tho more general principles apply 
to all sisos, but it was thought bi'tter to describe fully one 
form. Tho same remark may bo made about tho opieyoloi^I 
pulley-blocks. 

Various other blocks differing moro nr loss from those men¬ 
tioned aro mot with. The way to study tJiem is to perform 
tho two procoases hero described. First, moasnre tho distance 
riirough which tho power must be moved when the load is 
raised one foot; then attaching a given load to the load-hook, 
^00 whs* power will mieo it. Tho first operation gives the 
▼dooity ratio; tho second, the mechanical efficiency. A com¬ 
parison of those numbers, whioh would he equal in a perfectly 
frietionless machine, ahows how mneh of tho power is lost by 
friotion- And wo cannot repeat too often, that when the 
laodtanieol effloieney is reduced by friotion to less ihan bidf 
the tefodig* ratio, tho maohino does not overnhsul. 


bo dissolved in cold water, for if applied hot it is injurious to 
tho lustre of the silk. After tho alnmiug, they should be tho¬ 
roughly washed in pure water. A good permanent rod may 
then be produced by a mixture of cochineal with bitartrate of 
potash and apirita of tin. For a yellow, wold is very commonly 
employed, the silk being put into a hot solution in which some 
aoda is dissolved, tho quantity of the latter depending upon the 
shade desired, an increase of the soda rendering tlie colour 
moro intonao. For bln««, recourse is generally had to indigo, 
with tho addition of a little potash ond madder, the vat being 
kept moderately warm during the process. There is, however, 
considerable difficulty in producing an even colour with this 
dye, and the silk should bo dried rapidly when taken tsit of the 
vat. To obtain an intense black, it is necessary to deprive the 
silk, as much as possible, of tivo ^mmy substance nntur^y 
belonging to it, whioh is done by boiling it in a strong solution 
of soap—-a desirable thing, by the way, in every case, as all 'the 
colours take better the more thoroughly the gum is removed. ’ 
This being done, it is steeped for a day or a day and a half is 
a very strong deoootion of galls, or one. of the other substances 
mentioned in the previous article as having the same ohemioal 
proporty, after which it is immersed in a solution of snlphato 
of iron. Greens are usually produced by dyeing the rilk yellow 
I in the first instance, and then blue. Violets and pu^les may 
j bo obtained by dyeing first with cochineal (no tin being added 
I to it in this case) and anbsoquentiy with indigo, tho relativo 
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Btfongilis of tbe two dyes beingr adjusted soootdiiig to the tint and produces one, of the most durable oolours known. The 
desired. For all these oombiuations, however, the aniline dyes little minutuB must inevitobfy bo omitted for the sake of brerii^, 
ore now superseding the others. Magenta and mauve have a and only the most charaoteristic operations desoribed, though 
great afBn^ for s^, and the operation is consequently very very great exactitude in all the details is necessary in order to 
simple: a solution of the dye is made in cold water, and the produce a thoroughly satisfaotory result, llie cloth, having 
silk worked in it until it has actqoired the requisite depth of been oatefoliy freed from the weavers’ dressing, is stooped 
colour. throe successive times (being dried on the grass between each) 

In all oases tihe silk, after being taken out of the dye, must in a bath containing the foUowing ingredients to 15 gallons of 
bo washed in oold watOT before being hung up to dry. cold water:—1 gallon of olive oil, of sheops’ or cows’ 

JfiWlj:?^are must bo taken to rid the stuff of the grease it dung, 4 gallons of a solution of carbonate of soda, and 1 gallon 
alwif^s' contains by scouring it well in soap and water or a of a solution of pcarlash. The steeping in this liquor should 
strong solution of soda for several hours. It is then ready to last for a fortnight at least. The cloth is then passed through 
receive the .dye, which is always to be applied hot, the wool a warm and weak solution of peorlosh, steeped again three 
being afterwards washed in cold water. It can be dyed blue times as before in a bath containing 1 gallon of olive oil and 
by indigo in the manner described in the previous article for i 3 of soda lye to 18 of water; and then passed again through a 
dyeing ootton, except that the vat must be kept at an elevated | wash of soda and peorlash. These may bo oonsidorod the pre¬ 
temperature. For woollens, however, the vat is more generally ! paratory proaosHos, 'the chief peculiarity of which consists in 
preiKired in another way, and goes by the name of the “ pastel the uso of oil and dung, which together act as a mordant upon 
vat.” The difference consists hi substituting for the sulphate the outer surface of the cotton fibre, and prepare it to take up 
of iron and the large quantity of lime, other ingredients for the dye that is subsequently to be ai>plicd. The alkali through 
deoxidising the indigo, one of them acting the part of a dye at whioh tlio fabric is passed saponifies and carries off any excess 
the same time. Pastel or wood was, indued, used almost ex- of oil remaining over from the prceeding operations, the rest 
olnsively 200 years ago for dyeing blue, but has since been bing apparently decomposed by the action of the other in- 
nearly sufiotsodod by indigo, on acimunt of. the latter giving a gredients with which it is mixed. The olotti is »oxt galled 
richer colour. To prepare a vat, about 400 lb. of woad, 20 lb. with a decoction either of gall-nuts or sumach, and then olumed, 
of madder, 10 lb. of bran, and 8 lb. of lime have to bo boiled without which the dye would not bo permanent. The colouring 
up together. In the conrso of twenty-four hours it will be in a matter used is madder, to which some bullocks’ blood is added, 
state of fermentation, and the bath will have acquired a yel- the quantities varying acoordijig to the intensity of the oolonrs 
lowish tint. It is then rcad.v to rocoive the indigo—say about w^juired. The fabric is put into the dye when cold, which is 
20 lb., with a farther addition of about half that weight of I then rnised to the boiling-point, and kept at that temperature 
lime—and in about sir hours more tho indigo will be converted ' for a couple of hours. It is finally boiled in an alkaUno solu- 
ijilo tho white solublo state proviously desoribed. Tho wool is | tion in which a little protochlorido of tin is dissolved, and then 
then dipped in th* vat for abont an hour, after whioh it is hung 1 spread out to dry. Tlio great peculiarity of this process is, 
up in the air to dry, during which prucosB it turns blue ; tho that while tho nsnal object to bo attained in dyeing is to fill 
dqiping being ropoatod several times if very deep shades are ! tho inti-rnal cavity of the transparent fibre with a colouring 
required. This vat, when onoo prepared, will last for months, | matter which shall bo insoluble, tho Turkey red dye is priuci- 
but tho supply of indigo must bo renewed from time to time os pally deposited on the outer surface, and has entered into actual 
its strength becomes exhausted. | combination with the fibre itself—a oiroumstanee to which both 

'rho substances cmphiyod for dyeing rod in oU oases require a the permanence and tho brilliance of this dye is attributed, 
mordant to fix thorn. If madder bn used, tho cloth should be Mauve, or an,y of the aniline colours, will dye cotton; unlike 
first stooped in a solution of alum and bitartrato of potash. , silk or wool, however, the fabric must bo mordanted in order to 
Tfl prodnoo a brilltmt scarlet, a little cochineal should bo boiled produce a fast dye. It is best to soak it first in a decoction of 
up with bitartratfi of potash and s}iirits of tin; and after tho ! sumach, galls, or other article rich in tannin, and then pass it 
wool has been dipped in this mixture, washed, and dried, it . throngh a weak solution of stannato of sodiam. Being tlius 
should bo immersed in a second bath containing a strong soln- i prepared, the cotton will absorb tho dye most readily, 
tion of cochinoul. Lac: is used for the same purpose, and with | Hitherto attention has been directed to tho dyeing of fabrics 
tho same mordants. To obtain a good black, the wool is first made oxclnsively of one material. Tho mixed goods have also 
dyed blue, thon boiled in a solution of galls or any of the other ■ to bo dyed, and that either of one or more colours; for instance, 
articles proviously named which possess the same properties, | a damask may be dyed of one uniform colour, or the cotton 
and finally in a bath of sulphate of iron. For a groon it is | may be of one and tho wool of another. In either operation 
gonorally found best to dye tho stuff blue first, and afterwards tho affinity of the materials for different colouring matters has 
yellow. For violets and purjdes the blue should form the ; to be taken into consideration, as well as the manner of apply- 
foundation, though some shades of those compound colours ing them; picric and rosolie acids, for instance, cannot bo used 
may be made in thh bath by a mixture of tho varions ingro- ' for dyeing cottons, nor are tho compound cyanides of potassium 
dienta, by whioh a saving is effected in the number of operations. | and iron applicable to woollens. With mixtures of cotton and 
Manve and tho other aniline dyes also act very readily upon i wool it is nearly always necessary to dye the latter first, as it is 
wool by merely working it in a lukewarm aqueous solntion. I more tenacious of the colours imparted to it; but if tho cotton 
Vegetable fibres are not so readily d.vod as those already con- j is to bo blue the order of proceeding is reversed, thoSudigo dyo 
aidered, nor can colours of equal brilliancy bo pn^ucod upon \ being so fast, as to bo unaffected by tho subsequent oiwatious 
them. After the fabrics made of them have boRi properly ! upo.' tho wool. It is not so easy to produce different oolours 
deansod they are sabjootod to the operations of alnming and upon a mixture of silk and wool, because they are both animal 
galling. The materials used for those purposes arc sufficiently substances, and are each more or loss acted ujion by the same 
indicated by tho reapootivo terms. 1 ingredients; the silk, being more retontivo, is, however, geao- 

^Icue ,—After being thus prepared, it may be dyed red with ' rally dyed first. With a mixed fabric composed of silk and 
d5ia3S8er*by a process similar to that used in ^eing ootton ! ootton the same order is followed. 

Turkey red, which' will bo considered presently. This is almost There are two ways of dyeing mixed fabrics of ono uniform 
the only shade of red whioh can bo produced as a fast colour ou colour—either sepamtely o*»at ono procos.s. Lot ns supposo 
vegetable tissues. Quemitron furnishes a beautiful and perma- that a mixture of cotton and wool has to bo dyed black. The 
nent yellow. For bines, indigo is almost invariably employed, latter can be dyed first with camwood ard sulphate of iron in 
A thorough black is not readily obtained, but ti»e most approved ' the manner already described, and thon the cotton in a solution 
plan is first to dye the linen with n deep blue, then steep it in a of sumooh followed by sidplinte of iron. They may, however, 
strong deoootion of galls, and finally in a bath oo&taining ono be dyed simultaneously (aTtd even if tho fabric should also oon- 
of the salts of iron along with acetic acid. tain silk the process will apply) by stooping tho article in a 

^norally dyed in the same way as flax. The mode decoction of sumach, and then in a solution containing equal 
of using indigo has already been deseribed in detail in the pre- parts of bitortrate of potash, sulphate of iron, and solvate of 
viouB article. The Turkey red process is certainly the most copper; after this with logwood, and again with the sulphato 
oomplimted of all, but it demands special notiee, as it » very of fron. Other colours besides bbek may bo produced upon 
extensively carried on, partionlarly in Ola^w and Man e he ater, mixed goods by a single process; tlio adjustment of the in- 
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gcedients noeda, howeTW, eooaidonble nioety, in order to ada.pt 
tibem to the Tatied powora of the matonals ia takiag ap the 
different dyee. 

Thronghoat the paper it has alwaya been taken for granted 
that the materials are the best of their reepeotive aorta. Many 
of them nnsToldably TBty oonaidetably in qualify, vhUe otbera, 
again, are in anoh a oondition as to bo easily adulterated. It 
is Tety important, thor^ore, that the operator sBoold be tbo> 
rongUy assured both as to the purify and qualify of Ihe in- 
grefUents, or he may be grieronaly disappoint^ in the reanlt. 


PROJECTION.—VIL 

CYtJ!!ri»!BS AND CONE3. 

riiAH JlNJ> FBOJECTION of a 8 PBSD-Ftr)U[,aY (Fig. 89). 
This is a further application of the leasons on the projection of 
oylinders, wheels being, as it were, sections out from cylinders. 
The subject is composed of three pairs of parallel circles. 
Having drawn the plan, describe on a s a semioirclo, and 
divide it into any nnmbw of equal parts in c, d, e, /, g. From 
each of these points draw lines meeting A b at right angles 
in c‘ i' e’ f g". These lines will cut c n in c", d", e", /, g". Draw 
a line, x x, at a height above 11 . equal to the radius of the' 
circle—viz., «' e. From A b, and aU the points between them, 
draw perpendioulars passing through x x, and on these per- 
pondiuulan set off on each side of X X distances corresponding 
to tlir distance between the point similarly lettered in the semi¬ 
circle and the line a b, as e e', d d', etc., and this will give the 
points A', b', c', e', o', through which the ellipse is to bo 

drawn. From end) of the points lost mentioned, draw hori¬ 
zontal lines, and intersect ^om by perpendianlars from the 
points c, d”, etc., in the plan, and the intersections of the 
lines correspondingly lettered will give the points e", d", a", 
etc. The other two wheels are to bo projected in precisely the 
some manner from semicircles equal to half their surface. The 
lettering of these is omitted in order to avoid oonfnsion in the 
diagram; but tho student, who is expected to work on a niucb 
lorgor scale, is advised oarofnlly to letter every point. 

CONES AND their PROJECTION. 

A cone is a solid, the base of which is a circle, and tho body 
of which tapors to a point called the ajtox. 

Tlie straight line drawn from tho centre of tho base to tho 
apex of the cour is called the ans. 

When tho axis of tho cone is perpendicular to the base, tho 
cone ia colled a •' right" cone; but when otherwise, it k called 
an “ oblique ” cone. 

_ The curved surface of a cone is equal to the sector* of a 
oirole, the radius of which is equal to a straight lino drawn 
from any point in the ciruninforonco of the base to tho apex, and 
the arc-line of the sector is equal to the ciroamferonce of tho 
base of tho cone. 

Fig. 90 IS the plan and elevation of a oono when standing on 
its base, its axis being perpendicular to tho horizontal and 
parallel to the vertical piano. The apex is thus over the centre 
of the plan, and tho solid is therefore called a right oono. 

Fig. 91.—To draw the plan of this cone when lying on tho 
hoziMntal plAie with its axis parallel to the vortical pkne, draw I 
the atevatlon lying on 1 1 ,. To do this, at any point in i l oon- 
stenot an angle similar to A b o in the elevation; make the sides 
of the angle equal to those of the elevation, and join a' c'. Bisect 
the angle, and produce the bisecting line to n. This will be the 
axis. Mow begin tbs plan by drawing o b parallel to i l. l^om 
D in the elevation, with radius o a, describe a somicirole, and 
divide it into any number of equal parts in e,/, g, h. From each 
of these paints draw lines meeting A O at right angles, and from 
those points of meeting drop perpendiculars passing through 
C B on the points e, /, o, g, A. Set off from these points on their 
respeotiye perpendionlam, and on each side of o b, the lengths 
of the Unet between a c and the somioirole, and by this means 
the points through which (ke ellipse is to be drawn will be 
obtained. Join the point B to ea^ end of tiie ^pse, which 
will thus complete the plan. The stndente should now, ns an 
exercise, turn the plan eo that its axis is at a given angle to i l, 
and then make a projection from ft and the present oloraiaon. 

♦Awdkr is a part c( a eitcla eontahked between two mda and a 
portion ^ the oiienmferenee. 


Fig. 92 shows tiie elevation and plan of the cone when resting 
on the extremity of one diameter of the baae, the plane of whi(£ 
ia at 30° to the horizontal plane. 

It will be evident that whether the cone lies on the paper, or 
stands on one extremity of a diameter of its base, so long as 
tho axis remains parallel to the vertioal plane, the elevation will 
bo the same in form—changed only in position—and therefore 
the lino which is the Novation of the baae has been placed at 
the required angle. Construct on it an isosooles tHanglo of 
the gpven altitude, wbioh will form the elevation of the cone. It 
must here be remarked that this figure and the next have been ' 
left nnlettered, so that the student may become gradnally aoons- 
tomod to follow the points through their various ohrage of 
position; and, with Fig. 91 to guide Mm, it is thought that he 



win bo able to complete tMs projection of the plan from the 
inetruotions boro given. 

It will be remembered that although the base of the cone ia 
rendered by a straight Ime in the elevation, that line is tho 
edge elevation of a circle; therefore, from j;he middle point in 
the line deeoribo a semioiicle, wMch will represent one-hslf of 
the base, turned up so as to be parallel instead of at right 
angles to the vertical plane. Mow divide this semioirole into 
any number of equal parts, and from each of these draw lines at 
right angles to the diwoetw. Mext draw a line in the horizontal 
(or lower plane} parallel to i x, and a portion of tMs line will 
become the axis of the oone. From ea^ of the points in the 
base ot the oone draw perpendioulars passing through this 
horiaontal, and make them the same length on each side oe tiw 
lines drawn from ftie prints in the semioirole to the diameter, 
tniroagh these prints trace by hand the ellipse, wMoh lepra- 
eents ^ plan of the base, bsMg the view tsaia » print iauna- 
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arvt ft. Drop a perpendionlar from ftie apex of tiia 
etoraiioB to eat the horisontal, and tiiie interaeotion will be the 
plan of the apa. Join this by straight lines to the widest 
ports of the eUipse, and this will oomplete the projeotion. 

Fig. fiS is the projection of the oone when the base is at 30° 
to the horisontal, and its axis at 45° to tho Tertioal plane. It 
has been shown ill several previous 
flgorts that an object may be rotated 
inthont ihe height of any part of it 
being altered; and thus, os in the pro¬ 
jection now required, the base of the 
oone is to be at an angle to the 
horisontal plane similar to that of the 
last figure, the plan will be tho same in 
shape, but altwed in position; there- 
' fore, repeat plan of Fig. 92, phioing it 
BO that the axis is at 45° to i L; then 
draw pOTpendiculnrs from all tho points 
in the ellipse, and out them by hori- 
xontals from tho points in the elevation. 

Draw the projection of tho base through 
tile interseotions. Draw a perpendicular 
from tho point which is the plan of tho 
apex, and a horizontal from the apex in 
the elevation. The intersection of these 
will give tho apex of the projection. 

Join this point to the ellipse represent¬ 
ing the base, which will complete the* 
figure. 

BBCTIONS OF CONIS. 

If a cone bo cut acrosa, so that the 
plane of section may pass through the 
axis at an angle, and cut tho slanting 

surface of the cone on the opposite sides, tho section is called 
an ellipse* 

TO DBAW AN ELIilFSE WHICH SHAIit, BB THE TEUB 
8XCITON OF A CONE ON A GIVEN LINE. 

Let Fig. 94 be the plan and elevation of the cone, and A B tho 
Bne of section. Divide tho oiroumference of the plan into any 
number ofrequal ports in c, D, e, p, o, h, i, and d', s', j/, o', h'. 


The line B* j* in the elevation is therefore the radins x J in 
the plan, and thus the plea of any point marked cm x' J* must 
fall somewhere on the taduu X J. Now the section-line A x 
outs through all the llnee drawn to the apex of the cone in the 
points d, e, /, g, h, and it will be remembered that, although in 
the elevation the seotion is represented by a single line, a b, it 
will assume a different form in the pl^. 
From points A and n draw -perpen- 
dioulars cutting the diameter c i in a 
and 5, and from d, e,g,hm the elevation 
draw perpendiculars cutting the radii of 
the plan wMch bear the same letters. 
Draw the curve, which will unite c'd'ade, 
and also the curve uniting 9 'h'b h;;. It 
will at once be seen that these two 
cnrvoB form the ends of an ellipse which 
is to be the plan of the section, but that 
a point is wanted on r and f' in order 
to complete the figure. But we cannot 
draw a perpendicular from the point / 
in tho elevation, to cut the radins f in 
the plan, as we have done in the other 
lines, because the radii f f' are but 
portions of the same perpendicular on 
which the point f is situated, and there¬ 
fore no interseotion con bo obtained. 

Now let us remember that the line 
f" j", though appearing perpendicular to 
T L when looked at in its present posi¬ 
tion, would, if looked at from K, in tho 
direetion of the arrow, be seen to bo os 
much a portion of tho slanting surface 
of tho cone os i" j", and therefore the lino 
f" j" would be seen to make the same 
angle with the horizontal plane as i" j". If therefore wo rotate 
the cone on its axis, the point f will move U> f f, and a per¬ 
pendicular drawn from // will give us ff in tho plan. If now 
we turn the cone to its original position (which will be repre¬ 
sented by drawing a quadrant from the centre of the plan with 
radius j ff), tho quadrant will cut tho radins p in / and f' in 
Join e and g and e' and g' by curves passing through / and 
which will complete tho plan of the section. This is not the 




and drOiW radiL Project these points on to the base of the true section, bnt the view when looking etrsigbt down upon it, 
owe, and from c", d", oto., draw lines to the apex j". The and as it is shutting, its length from a to b -will seem shorter 
diagram up to this point represents a oone, up the Wanting than it really is. It will be evident that the true length of tho 
surface of which st^ht lines have been drawn, whioh on seotion is the line A n. From these points, and also from 
looking down on the apex would appear as radii of theoirole d,«,/,g,fc, draw lines at right angles to the seotion-line, and a'b' 
focming the plan. paridlel to it On eaoh side of the points d,«,/, j, h, in the lino 

— — - ■ " - .. a' s', set off tile distances whioh tho points similMly lettered 

* An alUpaa dUBna faon an oval hybeiiig thenaia thape at iMth are from c i in the plan, and these will give the points through 
ends; but m an oval, the one end ie more p^ted than the other. whioh the true seotion may be drawn. 
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TECHNICAL EDUCATION ON THE 
OONTINENT.-V. 

BT XLUS A. BAVIDBON. 

THE rOtTTECHinc SCHOOL IS HANOVEE-COtIRSE 
OP STVDX (eontinmd). 

12. Ardnteetwe. (First courso, locturfla, three honrB per week, 
and six houi« drawing.) 

The conree ie divided into tliroo goctione. 

(d.) The setting out of plans; stone, wood, and iron con. 
struotioTiB. 

(h.) Ancient arohiteotufe, end architootnral form, one hour 
lecture, and four hours drawing, weekly; (oathctics; illustra¬ 
tion of the forms of Greek orchitoctore; its constructivo and 
asthetic principles, the general principles of Greek orna¬ 
mentation. 

(c.) The construction of simple buildings (three hours weekly). 

13. AreMtecture. (Second oourse, two hours lectures, and 
four hours drawing.) 

• («.) Building oonstruotion :—The construction of .staircases; 
arrangements for heating; the work of the oarpennor; plastei jw 
and decorators. 

(l».) Arohiteotnrid form :—^PorspeotivQ (two hours lecture and 
four hours practice weekly):—Study of form ns developed in 
the Boman, Early Christian, and Bnmancsqno architecture; their 
eestiieiia and oonstruotive principles, and their history; tho 
principles of Gothic architootnro. 

(c.) Bnral arnhiteoturo (one hour lecture and two hours 
drawing per week)Tho construction and arrangomont of 
Tarions.classes of rustle dwellings and agrioultural buildings; 
the arrangoinants of farms, etc. 

(d.) Ornament (lecture one hour, and drawing throe hours):— 
Special characteristics of Antique ornament; I'larly Christian 
and Bomanosquo styles ; drawing from models and designs. 

14. Architecture. (Third course, four hours weekly.) 

(a.) Designing of circular buildings. 

(2i.) Two hours weekly.) Tlie planning and arrangement of 
public buildings and private dwellings of tho highest ulass; 
dwellings for middle and working classes ; toll-houses; statinn- 
mostors' and porters’ houses, etc.; footories; railway-sheds; 
post-offices; inns; exchanges; warehnnses; shops; markets ; 
granaries; slanghtorliousos; baths and laundries; hospitals; 
prisons; asylums; disimnsaries; sehool-housos; blind, deaf and 
dhmb institutes; workhouses; gymnasia; barracks; exorciso 
and riding-houses. 

(c.) Details of building oonstruotion. (one hour looturo, and 
three hours drawing, per week):—Designing of mouldings, 
columns and arches; window and door-framing, oto., with 
partionlar regard to the material employed; building stone; 
brick; wood; iron ; glass, etc. 

(d.) Gonoral oonsiderations in relation to architeotnre, build¬ 
ing works, and raater&lB (two hours weekly):—General and 
■pedal cost; valuation of old bnildiugs; building works; the 
plans; letting of buildings; building contracts; building ao- 
oOantB; technical and financial specifioatiouB; measuring up; 
general survey; reporting; drawing up inventories; biding 
materials—stone, mortar, wood, motol, ote. etc. 

(«,) Ornament (one leotnro weekly, two hours drawing):— 
Ihe Bomanesque and Ghithic styles; drawings from casts and 
designs. 

(f.) Arohitootural history (six hours weekly) —German anti¬ 
quities and memorials in America; early Asiatio and Egyptian 
art; the arohiteoture of the Greeks, Etruscans, and Bomans: 
Early Christian art; the Mohammedan style; Medimval art 
generally; the Bonaissance; review of tho wor^ and progress 
in arohiteoture in modern times. 

15. AreMtecture. (Fourth course.). 

(a.) Bnildiug construction as applied to extensive works; 
heating and ventilation (two hours wookly)The various con¬ 
siderations involved in the oonstruotion of largo bnihUngs; 
heating; ventilation; cironlation of water; baths, lighting, 
arrangemonta for telegraphy, etfi 
(h.) Tho most important kinds public and private buildings; 
ravio nroliitectaro (two hours weekly)Dwellings of the most 
expensive cla.s.<—jsilacea; lartintty bouses; th<»tres; circuses; 
psnommas; ounoert halls; places of amusement; guildhalls; 


Houses of Parliament; conrts of justice; watris<hoases and 
gates; acadenues; libraries; museums; exhibitions; ohurohes; 
dead-houses: monuments; garden arrangements; town btulding 
and fortification, etc. cte. 

(c.) The design and doooration of buildings (two hours 
weekly):—Design and decoration of honses; the most im¬ 
portant classes of public and private Ibuiidings; oivio arohi- 
tectoro; and necessary arrangements. * 

(d.) Designs for pubUo buildings (five hours weekly).—Tho 
buildings apooially treated of in this section are such as require 
the highest application of science and art, such as churches, 
public schools, assembly rooms, town balls, oto. The designs 
are all worked to an especially largo scale, and oonsist of plans, 
elevations, sections, and interior and exterior perspective. 

(c.) Designing for colonrod decoration (one lecture and three 
hours designing per wuok);—Ancient and Middle Ago wall- 
pointmg, glass-painting, and mosaic work; dosigning complete 
systems of interior and exterior decorations; with detaUs to an 
enlarged seale. 

(/.) Ornamentation and “ small" architectnro (ono hour 
lecture and four hours dmwing weekly) •—Details of oma- 
moiital design in architocturo applied in the cunstruetion and 
omamontation of furniture and objects of domestic nse, tho 
purpose being to bring about n perfect system of harmony in a 
liousohold, so that if the architecture of a room be classic, tho 
carpet may not bo Louis Qnartorse and tho fnmiture Gothio. 
This is not a question of expense, but of knowledge, and honoe 
the instruction is of exceeding im]iortanee. 

(jr.) Medimval architecture (two lectures and two hoars 
drawing per week):—Chnrch aroliitootnro; plans of churches; 
crypts; columns; bases, shafts, and capitals ; buttresses; 
windows and tracery; towers; spires; porches ; olevatious; 
profiles and ornaments; brick architecture; timber construc¬ 
tions ; carpenters’ work; metal works; floor tiles; wall and 
window decoration. 

10. The EUmeuts of Waterworks and Eridije-hvilding, (Two 
lectures and two hours drawing per week.) 

Waterworks:—The regulation and utilisation of small and 
groat streams; tho arrangomont and oarrying out of works for 
this purpose; arrangoments for utilising and controlling l^k 
waters and mill-streams; arrangoments for the drainage and 
irrigation of land. Bridge-building:—Foimdntions'tindor water; 
embankments; tho general principles of tho eonstmotion of 
bridges; the usual methods of building stone, wood, iron, sus¬ 
pension, and moving bridges. 

17 . Ttie Construction of Roads and Railways, Streets and 
Bridges. (Tliroo leotures weekly ; two hours drawing.) 

Introduction; tho histoiy of tho moans of transport em¬ 
ployed in early times; general considerations in relation to 
the planning of streets and railways; the composition of tho 
omst of the eortli; tho elements of planning; oonsiderations 
as to geological formations of the site; working out of the 
plans; earthworks; measurement and translation of scales ; 
the arrangement of payment and commission, ete.; plans for 
irrigation, cuttings, vnnlts and viaducts, can^, railways on 
simUar, higher, and lower levels; the oonstruotion of roadways, 
railways, and railway bridges, etc. etc. 

18. Streets, Bailviays, and Bridges. (Three lectures weekly 
and four hours study.) 

Iron Bridges:—The principles of bridge oonstruotion; methods 
of working, and propertios of wrought iron ond steel; rivetting; 
bearers; girders; rails; sleepers; tramways for streets; the 
equilibrium of bridges; bridges of timber and iron eombined; 
girder and tubular bridges; estimates of cost; praotioe in bridge 
construction; excursions to inspect works in progress. 

Tho further history of means of transport; investigation of 
best systems; direction of tho line; its breadth, curve, end 
level: arrangements of railway works; tunnelling, eto. etc. 

19. Don ftidgea (contimed ):—Further development of his¬ 
tory; springs and reservoirs of water, and means of filtering 
and conducting it over land; arrangements for damming wato; 
weirs, wateroourses, and waterworks generally; methods of irri¬ 
gating and draining tracts of Iwnd; canals and sliueos; rivers 
and streams; foundations in streoma and rivers; sesi-walls, 
harbours, and docks; methods of designing and preparing the 
necessary drawings and estimates for the oonstruotion of stone, 
wood, iwm, suspension, and moving bihlgcs. 
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'20. HiiKSi'alogy as ajipl'ied to Building Purposes, (Two liotira 

Tho eloments of minora] ogy, with particalar roforence to tlio 
portions of the earth’s crust used for building purposes; tho 
elements of petrology; appliuatiou of tho various mineral 
subatancos. 

21. Oso'jnosy. 

Eocapitulation orthe principles of mineralogy and petrology; 
the elemonta of paleontology in connection with ^ology. In 
connection with leoturea, rock specimens and petrifactions are 
examined and described. (Natural history of animals, plants, 
and minerals is supposed to have boon previously studied.) 

22. Elements of Pluysics. (’J'wo hours weekly.) 

Condohsed instruction on the leading facts and principles of 
Physics. 

23. Pti/re Physics. (Pivo hours weekly.) 

The progressive development of Physical theories, and Ex¬ 
perimental Physics :—Lectni’os atid j>ractico. 

24. Applied Physics. (Five hours weekly.) 

Popular astronomy; mathomiiticnl and physieal geography; 
meteorology; weighing and measuring apparatus; music.al 
and optical instruments ; lighting apparatus ; tho mechanioal 
principles of heating ai>paratus ; applioatioii of the theory of 
heat to iiroplaces. The leotnres oro illustrated by cxpcrimc3nts. 

25. Eletuenla/nj Chewistnj. (Two hours weekly.) 

Brief introduction to Chemistry, with especial rofnrcnco to 
building and building materials, illustrutod by oxperiuicnts. 

20. Pure Ohemisfmj. (Five hours weekly.) 

Inorganio and Or^ronio Chomistry, illustrated by numerous 
experiments. 

27. Technical dhemistry. (Five hours weekly.) 

Apparatus for carrying out (diomical opciutions on a largo 
scale j tho processes of maiiufae.tiire of chomiciil products. 'J'Jie 
instru(!tion given in this course is by uK'aiis of lectures, experi¬ 
ments, excursions, and visits to laboratorios and manul'actorios. 

28. Practical Chemislnj. (Twoiity-four hours wookly.) 

In this course, in addition to pnustioal work, tliroo hours 
pot wook aro devoted to lectnros on analytical chomistry; tho 
studonts having previously attended the courses 25 and 20. 

• 2i). Mechanical Tcchnolnyy. (Five hours weekly.) 

WorVgng in metal and woi«l; spinning and weaving; manu- 
fnotiiro of )>aper; and uumorous other processes ouiployod in 
tho meohanieal ai"ts. 

30. Jiivildhig Technology. (Two hours weekly.) 

Brief recapitulation of tho jwneticn of bnildiug art, with espe¬ 
cial roforence to materials used in finlBhing or decorating build¬ 
ings, as glass, paper-hangings, iron, stone, and plaster works. 

31. Telegraphy. (Two hours weekly.) 

32. Modelling. (Ten hours weekly.) 

Modelling, omamont, human and animal forms in elay and 
wax from drawings and casts; moulding and casting; finishing 
rough casts. 

33. Architectural MoileUing. (Ton hours weekly.) 

Modelling in wood, roofs, tmased bridges, staircases, oto.; 
modelling in plaster, arches, vaults, etc. etc. 


TECHNICAL DRAWING.—IX. 

DEA'WING FOB CAKPENTEBS (continued). 

. WOODEN BKIDOES. 

Fio. S8 is tho elevation of tho bridge over tho Woscr oUnded to 
in the last lesson. Tho bow, built up ns described, abuts against 
ooik blooks, toothed and bolted on to the ends of the tie-beam, 
ilrom the bow, transverse bearers are suspended by means of 
seven iron rods, placed as in tho drawing, ard on thesu tho 
beams supporting tho roadway rest. 

It is deemed necessary, in relation to tho drawing of this 
example, to remark that tho linos forming the joints (that is, tho 
ends(^ each piece of limber) must be radii of tho oirclc of which 
the are is a part. Li tho present instance tljo are is tliat sub¬ 
tending an angle of 00®; therefi.re, having drawn tho lie-beam, 
and marked tho points at which the under ride of tho bew moot 
it, with distaneo between these two points os radiris, describe 


I arcs outting each other in a point below, which would bo the 
I apux of an etiuilutcral triangle, and from this centre the oroe 
aro to bo described. 

Tho disadvantages connected with the Do Lormc system are, 
first, 'that the stifhiosa of tho span must depend mainly upon 
the nalmal strength with which the fibres of tho wood adhere 
to each other; and as this is of courso limited, it is necessary 'to 
uunslruct tho curved ruflors cf greater wicitii 'iliaii would other- 
: wise bo required, in order to ensure thorn against the strain to 
I which they may be subjected. Secondly, there is, from the 
1 oircuinstanco above alluded to, and from the necessity of sawing 
the segments out of straight timber, a great waste of matoriol, 

I time, and labour. 

j These oonsidcralions naturally prove uted the sj stem becoming 
voiy general, and hi 1809 an imiirovement thereon was proposed 
by a celebrated Prussian architect named Wicbeking, which 
was in 1817 perfecte<l by Colonel Emys, a French mOitary 
engineer, and which has since been exiensively used. 

By Emys’ system, the arched riba arc lainiiiatcd—that is, 
formed of '■lamina:,” or thin layers of timbers—not placed edge¬ 
ways, as in tho Do Lormo jilaii, but laid flat on each other, 
tho break-joint system being stsil presoved, and the planks 
being hold together by iron strap.s with wliich they are sur¬ 
rounded. 

Tlie whole rib is then eoufiiicil by its ends fitting into cast- 
iron shoes bolted on to tlio tic-benm. Tims all Uie fibres of 
I ihe wood c-oiiicide with tho ruivali.ro of the rib, and thus not 
1 only arc they not liablu to bo o iH asunder, but a groat amount 
; of elasticity is obtained. As this system has bi’on extensively 
, nsod in tlic construction of roofs, it will bo further described in 
I tho section devoted to tliat subject, and the attention of the 
student is now directed to the elevation of one of throe arched 
ribs of a wooden milway bridge (Fig'. 57). 

Hero the tie-beam is formed of double timbers, rcstuig on on 
additional piece at each end. 

Tlio bow is made) up of seven layers of timber, united in the 
mnmior shown in Fig. 58, whiili is an enlarged drawing of tho 
middle pcirtion of the truss. ‘ 

Seven pcriiciidicnlars aro placed between tho bow and ■tho tie- 
beam, by which the latter i.s sitsjionded, as by king and queen 
posts. Tho mode in which fho iron bands, nuts, and screws act 
ill such cases is desiTibcd in connootion with Eoofs in “ Lessons 
on Building Construction.’’ 

Tlio trusses are further stiffened by diagonal strut.s between 
tho poiqicndienlars. Aeross the tie-beams of tho throe ribs the 
sleepers arc placed on which the fiooring of tho bridge and the 
rails are laid. 

Tlio piers, saddle-pieces, and tie-beams having been drawn, tho 
arc forming tlic upper eilgo of the bf.w is next to bo described. 
'Jlie cast-iron shoes necessarily' follow. In the smaller view 
(k'ig. 57) their outer edge is shown os coiitinuiais with the are 
of the bow; but in working this figure to a larger scale, this 
should be drawn -with a rather wider radius, so that the iron 
I shoes may i>roject to allow for tin' Uiickuess of the material, 
j As in tho ease of tho cross-joints of tho 1 in.lers in the Do Lormo 
; bow tiTiss, tlio third side of the cast-iron thocs and the bond;) 
by which the lamina) are clamped togetlier aie radii of Uio 
eirolo of which the bow is a part, and thcroforo converge to tho 
same centre. This is not, however, the ease with 'Uio irons by 
which the uprights wo suspended. These plates, which end in 
scrows, aro, of course, placed parallel to the posts ; at the lop a 
crosa-])lato unites tho scjcw.s, c n v.:hi(;h arc washers and nuts. 
Tho irons at tho bottom of tho perjicnUicukr.-; aro similar in 
eharaoter. 

When the bow ha.s boon completed, the porpi rdicnlars for the 
centres of tho uprights are to be dotted in, and on each side of 
these half tho ‘ttickness of tho supports is to bo drawn. Tho 
upper and lower ends of those aie. of course, wider than the 
middle part, tho two widths being joined by short oblique luics. 

Now, from the points whero thusc oblique lines join the outer 
to tho inner width, and si' form .i. “ liend,” draw diagonals in 
the interspaces, which will fonn the centre-lines for the struts, 
j It will bo observed tliat the f.Miqno linos, wMoh form pait cf 
tho ends cf the struts, arc at rigid, .'ingles to their sides. It is 
presrimeil that this drawing can be finished without any further 
instnicticns. 

Tho student is required, hi toe ^tst case, to draw Fig. 57 to 
tho size of Fig. 5S, and then to repeat the whole figure, making 
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flwdiMriBirOBlarge«g«muFig. 1^. Inbotiiof 
thaee ouea great oare will be neoeeaoi^ is drawing the parallel 
arae, and the atadent ia reminded of the pntpoee of the joint in 
^ inking>^ of the oompaae—^namely, ao that by bending the 
leg both niba may tottoh the paper, and thma rongbneaa the 
e^ of the line m^ be avoided. lengthening bar will alao 
be needed, and it jji then adviaable to hold the atoel end of the 
oompBM in ita place with the left hand whilst deaoribing the 
area with the right, for the instroment, thna lengthened, becomes | 
rather nnwieldy, and the point is then liable to slip out of the | 
centre. 

Fig. 59 ia the elevation. Fig. 60 a section, and Fig. 61 a half 


Fig. 68 ia the half aeetion of the npper portion of tUa atoh, 
showing the manner in which the fonr ribs are conneoted by 
iron tie-rods, the Jongitadinal girders, transverse bsami, the 
flooring, and the hand-tail. 

With this knowledge as to the construction the bridge, 
the student will not, it is believed, retjuire any information as 
to the mode of drawing the example, and therefore will be left 
to apply the instmotion he has raoeiTad in relation to the 
previous studies. 

Fig. 64 is the half elevation of an American timber bridge, 
by which the Erie Bailway is carried over a span of 300 feet. 
The arch ribs of this struoture consist of two separate bows. 



plaq of one of the three arches of ihe wooden nulway bridge 
from Faria to St. Germain. This bridge is supported t^n, 
instead of being suspended /rom, the four arch trusses. llieBe 
bows are formed of fifteen lamino, or layers; bnt not only ia 
the break-joint system carried out in the length, bnt in the 
breadth, as will be seen in the transverse section of the bows 
(1^. 62). The planks of which the bows are formed are torrod, 
exerting on the outermost edge; and further, coarse paper 
eatnxated with tar ^s laid between them before binding to the 
template. When the required curve was attained, the planks 
were united by strong oak pins, plates of lead being provionsly 
inserted to prevent ^ wo^ suSering from the streee. The 
planks are farther eeoured by iron bands, as in the former 
example. The ends of ihe bows abut in cast-iron shoes, firmly 
fixed in the springings of the piers. 


clomped between cross-timbers, and stiffened by struts placed 
diagonally. 

^0 bows ore constructed of three layers each, with extra 
pieces above and below at each end, all being, of course, firmly 
bolted together. These ribs abut against iron platoa attached 
to the rooks, and support perpendiculars. On these reet tiians- 
versc beams bearing longitudinal joists, across which sleepers 
are again placed for the support of the floor-joists of the road. 

This oonstruotion will be best understood by referring to the 
section (Fig. 65), from which it will he seen that fonr sueih ribs 
ere employed in the bridge, two of which, as in the last example, 
ore placed close together in the middle, tiie whufie being strength¬ 
ened in a transverse direction by oross-stmts. 

The longitndiiial joists bring tiins seev^ on the top of trans¬ 
verse head-pieoee resting on the perpendioulars, the bows are 
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braced up to thorn b^isoiuis of Btarainiog'pioees slompiui' these 
lurid all the other thabeM between thorn. Tbie is shown in the 
Boetioa, from which it will also be seen that each of the throe 
layers in the bows is made of two timbors, placed side by side, 
each nngle bow bdng: thns formed of nx squaxo beams in tho 
middle, «nd twelve at its uxtremitics. 

^fhis being the last study connected with bridges, the student I 
is expeoted to be able to draw it without any instruotionB, but ' 
is advised to copy it o?a muoh larger soalo. 

Figs. 66, 67, 68, with its section 69, are different methods 
used in the abutments of bow trussos. 


MINEBAL COMMERCIAL PRODUCTS.—VII. 

XABTUS ov Bonivu, BTC. (continued). 

]^lron, a native sosquicarbonate of soda callod irma, and 
minei^ soda, is found in sandy soils in Egypt, Mexico, Hungary, 
etc. Largo quantities are oollected from the lakes of Sukona 
in Africa, and chiefly need for native consumption. 

Horax, an important article, very usoful in chemistry and tho 
arts,' is a compound of boracic acid and soda. It occurs in the 
waters of somo lakes in Thibet and Persia, and is impurtod ii: 
on impure state, as iineal, tram tho East Indies. Much, how¬ 
ever, is manufactured from buracio acid obtained in a native 
state by tho evaporation of tlto mineral waters from the extra¬ 
ordinary voloanio lagoons of Tuscany, and from hiiynsH»e, a 
borate of lime found in Porn. Tbo anuanil prudueo of boi'acio 
add from Tuscany has of late years been about from 1,800 to 
2,000 tons. 

Saltpetre, nitre, or nitrate of potash, is a natural product 
ooourring on tho surface of tho soil in somo hot and dry coun¬ 
tries. It can also bo prepared artificially, as is done in France, 
Germany, and other pianos. Tho British supply comes chiefly 
from tho East Indies, to tho amount of 18,000 tons annually; 
tho annual importation from othor sources is about 5,000 tons. 
Besides being the cliiof ingredient in gunpowder, it is largely 
used in ohomistry, medicine, and the arts. 

Nitrate of soda, or cubic nitre, is found native in immonso 
quanMties as a geological deposit in Northern Chili and Peru, 
and is probably abundant over tbo salt plains of tho sumo conti¬ 
nent. It is largely imported by this <»nntty, to tho extent of 
■ 60,000 tons animally (value JB500,000), and used in ngri- 
tcnlture as manure, and for many of tho purposos to which salt¬ 
petre is applied. 

Sulphate of horyfa. or heavy spar, is a beautifully crystal¬ 
lised mineral, oboutriug in minorol veins in Cuinborland, West¬ 
moreland, Dorbysbiro (as cawk), Carinihia, Algiers, and Nova 
Scotia, and is a spurious Bubstitnto for white lead. Tho mine¬ 
rals celesti^ (s^phate of strontia) and etroniianiie (a car¬ 
bonate of Kb'outia) are used in the arts for tbo manufacture of 
the nitrate of strontia, whiob is employed for producing a rod 
colour in fireworks. Tbo salts of strontia ore romarkablo for 
the red oolour whiob they impart to flamo, whilst those of 
baryta give a greon colour. Fluor spar (fluoride of oalcium) is 
Also a beautiful mineral, and importtnt os tho prinoipal natural 
•onroe of bjrdrofluorio acid and othor combinations of fluorino. 
It ooours ia the load veins of Yorkshire and Derbyshire, and, 
firom its rich colours, is used in the ornamental mannfooture of 
toMM various kinds. 

Sei^hW is os' element existing abundantly in various metallic 
»nd non-metolUo oomponiuls; but it also oconrs native In quan¬ 
tities Buffloient to render its oxtrootion from its combinations 
almost unneoessary} it is, however, soparatod for economic pur¬ 
poses from iron pyrites. It is found native in all vulcanio 
legions, either as am efflorosoonoe on tho surfaco or Itu-goly 
impregnated with earths. Sicily and Iceland possess it as a 
voloanio product, and from the former our chief supply, 50,000 
tons annually, is obtained Spain also supplies this sobstameu. 
Sulphur is a very important article as an ingredient in gun¬ 
powder. Sulphuric acid (vitriol), so indispensable in tbc arts, 
together witli other valuable snlpbur compounds, has already 
bora refertad to. Graphite, plwiAago, or black lead, although 
pars carbon, contains a variable quantity of iron up to a pro- 
pmdion of 6 per cent. It oooum in beds and embedded masses, 
in dsSuros in granitic and slate rooks, in nodules in greenstone, 
and, rarely, in mhuiral veins.- This mineral, well known as the 
iwdiffinl uom which tho Idaok-lead poisdls of flimst quality 


are produeod, ia comparatively rare. It has boon found on the 
right bank of the great river Tungonska, In a oountty pro- 
vionsly little known. In the depths of pino-forests, and at the 
level of the waters of tiie wild Tunbusi, tom and abraded by 
tho ice, one coutinnons mass of graphite has also been traced, 
3,000 yards or more in length, with an ascertained depth of 
thirty yards, Tho famous mine of Borrowdale is almost ex¬ 
hausted. Considerablo quantities are, however, procured from 
Ceylon (3,547 tons) and Austria (660 tons), as well as some 
from Spain, Mexico, Greenland, and tho Cape Colony. Besides 
Jts more common uses, plumbago is of great utility in the 
||maniifactnro of cruoibles or melting pots for motallnrgioal and 
jVdiomicol purposes. 

Among miuoral productions available as articles of utility 
and commerce, mention must not be omitted of some that are 
of great uso in agriuulturo, ospecially in snnh farming as must 
bo carried on in donsoly-iwoplod uomitrios, where all qualities 
pt soil must be brought under cultivation. In addition to tho 
(Silica, alumiim, and limo, wliich are tho common chemical con- 
fetituonts of arable soils, thoi-e mu»t bo a dno supply of salts of 
“jictash, phosphoric acid, nitrogen, and somo othor ingredients. 
Urgonio remains, in the shape of uatnrol vegetable decay, and 
jof ordinary farm manures, supply these; but mineral manures 
jitro also highly valuable and much usi'J. Limes, olays, sands, 
(and marls aru all useful nuder ucrtuiii oircumstanuos. Salt- 
:petro (nitrate of potash) is a valuable addition to soils requiring 
nitrogen, but it is costly. Thu cubic nitiu ah'oady alluded to 
exists, however, in great abundanco, and is largely available for 
tlio same purpose. Bhospitates of lime are used -to furnish tho 
phosphoric acid. Tho supply is now chiafly obtained from the 
H)nali hard nodules of various sizes, composed in part of ancient 
organic remains (coproliles) -which are found in the Crag of 
Stiifolk, and in the Croensand at Farnham, Cambridge, Hftchin, 
Isle of Wight, Havro and othor parts of France. Phosphatio 
.Viodules are also abundsiiit in the Lias. 'I'liouaands of tons of 
(thcHO are annually raised, crushed, and, by tho notion of sul- 
l^huric acid, converted into suporphosplmta of limo; and they 
uro, in this form, extensively employed ns manure. Phospliato 
of limo is quarried in Spain, and at Sombrero, ono of tho West 
Indian isles, and prepared for agricultural purposos. 

nUiCIOUS STONKS. 

Important mineral products, on account of Hieii^ great in- 
trinsio value, are precious stones. These ooonr in mineral 
-voiiis, and, as is tho case with somo of tho metals and their 
ores, in river sands and alluvial deposits brought down from 
mei^IiferouB districts. Brazil, India, tho TJral Mountains, and 
tho mining districts in general, oapeoially those of the older 
..formationB, famish the chief supply. Prooions stones axe either 
^carbonaceous, aluminous, or silicious. Tlio diamond is the 
^only ono consisting of carbon, and is well know^'a'a'ffio hardest 
and most valuable gem. Diamonds are prized acoording to 
thoir purity and freedom from colour, or if coloured, acoording 
to tite depth of tho tint. Besidos their extensive use for oma- 
montal purposes, they ore, in the form of fragments, d muoh 
jpervioe in tho arts—as in glass-cutting, watch-making, and dia¬ 
mond polishing. The aluminous gems comprise iho papphires 
(tho r^ sapphire, or Oriental ruby, next in value to tho diamond; 
tho blue, or traa sajphire; tho greon, or Oriental emerald j 
and the yellow, or CWontal topaz) ; the w adaman¬ 

tine’ spar, the hardest substauco next to diamond, and omployed 
for emery-powdor; tho ruhic^ of various reds; the topgz of 
various yellows; and the garnets, of which the carbunole ia the 
yiohaicost. The ^iorald, of a beautiful green, and the berph— 
'•yellow, blue, or oolourloss—are compounds, of sUica, almnhia, 
Jtmd gluoina. The most valuable of tho silicious gems ore the 
Mnethyst, of a purplish-violet hue; tbo Cairn^orpi, stone, tho 
Molj sdrhonyx, agate (which Is also omp]oyod''as a bnmiaher), 
cwJeNd’itV and jasper. Tho lapis-fpMiH, from whieh 
idtramarine need tb'be pr^arod, is a beautiful mineral, found.. 
in Clhina, Persia, and Siberia. Tim t^tnuoise may be o«mridoted 
as a phosphate of alumina, limo, and silica, with nron and oqppor. 
The diief anpply ia drawn from tho peninsula of Sinai, which 
appears to have been tbe groat mining district of the ancient 
i Egyptians. The tnrquoisOe, so much admired for their beau- 
’.tifnl bine ooUmr, oooor more or less in vqins of sandsttm^ 

With this notioe of precious stones wo bring our brief oooonnt 
of the Minoral Products of tho earth to a» end-' 
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AGRICTZLTUBAL DRAINAGE AND 
IRRIGATION.—III. 

By Ftof. WsinaTBOK, Boynl A^cnltunil Collogo, CironooBter, 
CAUBKS OS’ aPFlCAcr OF DBAINAOE—^ACTION OF SIlAritH ON 
THE eOIt—^VARIOUS METHODS OF DBAINAGE—CAWLIJLBT 
ATTRACTION AND ITS EFFECTS. 

In the lost paper wo connclorod the canses of the ofilcacy of 
drainage as a means of improving land. These causes may be 
briefl/summarised oa follows :— 

1. DiSkinished evaporation, rendering the soil warmer. 

2. Bemoval of stagnant water, allowing aeooss to rainfall. 

3. The introdnetiou of air, and therefore of oxygon, into 
the land. 

4. Washing of the surface by heitTy rauis prevented. 

5. Improved textnro, owing to alternate contraction and ex¬ 
pansion of both soil and subsoil. 

Those causes are followed by good offoots readily appro- 
oiatod by landowners and occupiers. Thus increase in tem¬ 
perature is followed by an earlier and more abundant harvest, 
by the cultivation of a larger number of plant species being 
rendered possible, and by greater healthiness in the animals 
maintained on the farm. C!ansi!S 2 and 3 oporato in a simila^ 
direction, and, in the plirasoology of the farmer, “sweeten” 
the land, while the romoiidng two causes render manures more 
offloaoions and lasting, and ospeeially the lost oauso renders the 
land easier to work and more accessiblo to the routs of plants. 
The effects of drainage in improving definite areas of land, and' 
the comi)arisou between the advantages soenrod and tlio cost 
entailed, will bo considered hereafter. At present it is only 
my wish to point out the relation between the causes that 
oennpiod ns in the lost pa])er, and those practical good effects 
which alone render the drainoi-’s art valuable. 

Ou^ next o(>usidei'tttioii is the action of drains in the soil. 
Wo shall ondoavonr to come to a ti-nthfal conclusion a.s to the 
mode in which water is ri'movod by drains. 15ut, before doing 
■BO, we must carefully consider the condition of wot soils, the 
causes of their wetness, and afterwards the effoet of intro- 
dneing a mcinns by wliicb surplus water may bo removed. 
Before prowoding another step, however, it is well to bear in 
mind that soils are oxcecdingly various in their textures, and 
that their relations to water must not bo looked upon as con¬ 
stant and invariable. A few simple natnral laws account for 
all the phenomena of drainage, but the action of those laws is 
modified aooording to the character of the soil and subsoil, and 
these modifieations oeoasionally give rise to apparent contra¬ 
dictions in practice. In approaching this subject, it is also 
requisite to free the mind from false notions as to the action of 
drains. Thus, too often we hear a drain spoken of as “ draw¬ 
ing,” as tiiongh an underground channel exerted on active 
instead of a merely passive effect. All idea of metion on the 
part of drains must then bo given up, and with it the notion of | 
land being “over-drained.” Land may, of conrse, bo over-dry 
for some purposes; but supposing drains to bq mnltipliod to an 
indefinite extent beneath the surfaoo, it wonld bo impossiblo for 
them to remove more tlian the surplus water of .a field. They 
could not carry off that portion which the varying character of 
the soil aUowB it to hold, a.s a sponge holds a certain amount of 
water after it ceases to drip. 

Soils are wet from throe oausea—from direct rainfall, from 
qiiings, and the^ soaking down of water from higher grounds. 

greater part of our retentive soils are wet from the arrested 
desoout of rain-water as it seeks alowor stratum. Springes usually 
ooenr on the sides of hills, and owe their existenoo to the prosonoo 
of a bed of clay, or other retentive material, at a greater or less 
distanoo from the surface. When rain falls open a porous soil 
it sinks in without difficulty, until it meets with an obstruction. 
Here it Boeumnlatos, and may bo reached by boring a well down 
to it. Supposing, however, that this obstmotion, probably clay, 
crops out upon a hill-sido at no great distance, there you will 
have sprints. As soon as the water rises in the natnral reser¬ 
voir until the lip of the basin is reached, it 'irill overflow, and 
cause wetness in the land immediately beneath it. Again, 
water may find its way from the point at which it foil, and 
inoommode land more or less^ronioto by a slower soaking pro¬ 
cess, in which definite gushing springs do not ooenr. This is 
usually met with in free soils, and is defined by Mr. Bidley 
Deaton as that moisture which'is caused by water of distant 


and adjacent higher ground pressing up through free soils of a 
lower level, and which may be called “ diffluent water.” 

Now the treatment of land wet from these three oausea has 
given rise to two distinct methods of drainage; one in whioh 
the drainer effects his purpose by means of pipes laid at regular 
intervals, adapted to soils suffering from the first kind of wet¬ 
ness ; and another in whicli the object of the drainer is rather 
to attack the source of water and eajj^ff the supply, than to 
attempt to drain by rognlar oliaimols at stated distiinces apart. 
The first method is identified with Mr. Smith, of Deanston; the 
second with the name of Klkingtou, who flonriBhed in the latter 
half of the last oentnry. 

The principle upon which Elkington's system of draining 
was based will bo rendered more intelligible when his t)ractice is 
described. It is evident, however, that it is'only under {locnliar 
conditions of soil and subsoil that it con ho effective. It is 
comparatively seldom that the source of wetness can bo localised 
so IIS to allow of its removal by a single drain, and although 
snoh cases ooenr, yet, more ordinarily, land is wot bocanse the 
rainfall is prevented from finiling its way tlirongh the soil to 
dopthfi at which it would bo harmless to growing plants. 

Let ns, then, investigate an oriiinory case. A field cis wot, 
and requires draining. It is wet simply because the water 
cannot escape, and this may bo duo to general retontiveness 
thronghont the muss, as is tlio case in clay soils; or tb an ob- 
stmeting bed at some little distance beneath the snrfaijo. Taking 
the first case, we are at once introdnoed to the diffienlt ques¬ 
tion of the action of drains in stiff clay soils. Tliat water will 
penetrate such soils has been proved, as Mr. Morton has tersely 
olmerved, by the fact that they arc wet. T'hcir power of rotoii- 
tinn is, however, very great, and lliis is a force whioh, while it 
exists, cannot be overcome by any number of drains. Clay soil 
will bolil, according to tlio oiperiinonts of Sulmbler, 48 pounds of 
water lar cubic foot, and it is only the excess over this amount 
which would find its way into a drain. When, however, such 
soils arc fiimished with a series of underground Ghanucls, and 
when the work of the drainer is supplcinentcd by deep cultiva¬ 
tion, thn character of the soil is gradually altered. The con¬ 
tinuity of the soil is broken, air gains access, pnlverisation 
takes place, and the altered soil becomes amenable, to the 
ordinary rules which govern more usual cases. Vigorous treat¬ 
ment is, however, requisite, and no system of wide intervals 
between drains would bo snceC'^.sfal. The drains must be close 
enough to exert what Mr. Bailey Denton has termed a reci¬ 
procating effect upon one another, that is, so close that the 
action of one shall extend into the region of e.otion of its neigh¬ 
bour. After the full effects of thorough drainage have been 
brought to bear upon a clay soil, tbo water will pass throngh it 
and iiud its way to the drains in the same manner, but never 
with the same facility, as in lighter soils. Lot ns, then, turn 
to the ease of a more porous soil, wot from direct rainfall. 

Hero we must suppose a definite obstruction to tlie down¬ 
ward passage of water. Tlio water tends to pass through the 
soil in stmight lines, according to the law of gravity. It meets 
with tbo obstruction, and begins to rise upon it towards the 
surface. There is no limit to its rise. It may form a lake, 
or it may be tbo cause of a marsh. In other cases it will not 
rise to the eurfaoe, but form wliat is known as a “ water-table ” 
one, two, or more feet bouoatb. 

Now this water-table, or level of supersaturation, is not the 
limit of wetness. Over it is a stratum of greater or loss thick¬ 
ness, depending upon the ffliaraoter of thn soil, wot from capil¬ 
lary attraction ; and if tliis force raises water to the surface, the 
land requires draining. Capillaiy nttraclion may be defined as 
n triumph of adhesion over oohesion and gravity. When a 
piece of wood or metal is dipped into water and withdrawn, its 
wetness may bo oxplainod by tbo fact that the adhesion of the 
liquid to the object introdnoed is stronger than its cohesion 
to the remaining water it hos left, or to the downward force of 
gravity. 

A similar attraction is exortod by the soil and many fami¬ 
liar porous BubstanouH when placed in oontoet with water. 
The superior force of oilhesion lifts a tiny column of wo,ter 
throngh the interstices of the porous material xresented until 
the weight of the column thus lifted connterbalanooa the attrao- 
tion of adhesion, and tlio limit of the force is reached. * 

A healthy soil should have a layer of earth at its snrfaoe 
a few Inches in thickness, which must not be oontbually wot 
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«vaii&ommitarTBitg 41 iy«k|^Hax 7 »tt»etioB. Bwill be iMdiljr 
■am thsttf null m )a^ dow notexUt, oapillaritgraod erapon- 
tiott wOl batmen tlum lover the tempaxatnia the aoil oon- 
aideraibly. Qtoviag plants will also anfler from the aame 
oacuea vbiab render eanoor-vatering, In the oaae of potted 
jdanta, olgeotionable. It ia, indeed, a ease oloaely analogona to 
Banoai!>vatering, and tbe sooner it is altered the better for the 
erops. liu question as to the height to vbioh soils will time 
lift water haa been assumed and guessed at; but data of a 
IireoiBe kind are still needed. A few years ago I undertook a 
series of experiments for the purpose of throwing light upon 
point, and the results obtained were as follows:—When 
air>dried day or sand is placed in a tube, one end of which ia 
immersed in watqr, the fluid rius rapidly, especially in the case 
of sand. Thus, twenty minutes after the experiment was oom- 
menoed, the flne sand was wet 9 inches above the level of the 
water in the saucer, and seven hours after it was wet 15 inches 
up the tube. Clay, in a finely-powdered state, had during this 
time only raued water 3 and 5 inches in height, taking two tubes 
containing similar soils. The capillary power of the mnd was, 
however, almost exhausted in this short period, and although 
the ekperiment was conducted for 132 days the column of wateij 
was never raised higher than 23 inches. The clay behaved very 
diSerpntly. Although water rose slowly, it rose very steadily, 
and at the tmuiination of the experiment, 132 days after its 
commencement, it was wet 35 and 33 inches, taking again the 
results of two tubes. During the last six weeks of tbe experi¬ 
ment the riw was exceedingly slow, and only 1*8 inch of extra 
height was obtained. As this was partially due to the upper 
soil becoming wet by evaporation and condensation of water 
from the part wet by the force of capillarity, tbe limit of the 
force was considered to have been reached, and wo may, there¬ 
fore, take 3 feet as the height to which water may be raised by 
clay ia a flne state of division. There was one more point 
wwthy of attention in these experiments, namely, that a pre- 
oiacly similar soil to the clay just mentioned, but in a somewhat 
coarser state of division, was only able to lift a column of wator 
15*5 inch, showing that physical condition oven more than 
material is an important oonatituent in this power possessed 
by soils. 

It is the object, then, of the drainer to so lower the water- 
taUa that a tUn layer of dry soil may intervene between the 
Burface and the portion wet by capillary attraction. 

A drain is constructed, say four feet beneath the surface, and 
immediately water flows from it, the water-table begins to sink, 
until it ia on a level with the bottom of the drain, just os the 
water in a cask would sink to the level of the lowest portion 
of a hole made through the wood. Bemembering that wator 
felling on the surface makes its way down through the soil os 
straight as possible, it is evident that rain feeds the water-table, 
constotly tending to raise it s but as the watev'table will have 
a difficulty to rise higher than the drain, it will be seen that the 
water, for the most port, enters the bottom, and not the top 
of the drain. It can only enter the top when, by heavy rains, 
the water-table is unnaturally raised; but on tbe return of 
ordinary weather the lowest portion of the draining tile will 
once more become the upward limit of the satmatod portion. 
Tbe area over which one drain will act ia, of oourac, very limited, 
and the, limits of its action are soon reached. The water-table, 
although kept down to the level of the drain in its immediate 
proximity, just as a river keeps down the water-table of a 
district timongh which it poMses, yet rises as We recede from the 
drain until it extends to a point completely out of its infltinnne 
Hence a saiics <f drains ia requited so, near to each other that 
the level of supersaturation is suffidently lowered throughout 
tbe irrtervening space. It k generally believed that the action 
of drains is intensified by the near proximity of other drains. 
Thk is mostly owing to the aflration of the sml. A bed of 
sand or gravel underlying a clay soil will not drain the field, 
although sneh a gravel b^ may be looked upon as a oontinnons 
drain, or means «f escape for water. Under such oircamstanoeB, 
hoimer, a few drains placed at wide intervals would bring the 
drying poiier of the porous bed dnito immediate action by the 
admittance of air, ud tiie fidd would be easily wd effectually 
drM It k, indeed, surprising to wbat ^etanoes drains, 
VBder hwdi eiroumstsaoes, dnm, Znstaaoes are not want- 
^'*ihmb the ebaanels have been eifeotive at sixty yards 
^ > I at onoe lead na to the eouidenition of tiie 


OMtaa of draining employed by EUdngtem and other draiiian, 
and introduce ua to the more purely praoiSaal part of our 
Bubjeot. 

BUILDING OONSTRUCTION—V. 

BBIOXWOBK. 

Bnicxs may be considered as artifioial stones, and seem to 
have been used from a very early period in tile ^tory of mm. 
Their average eke in thk country k a trifle lesagshan nine 
inches long, four and a-half inches wide, and two and a-baU 
inobes thick. Their nniformity in ske enables builders to 
desoribe the thiokneas of walls by the number of brioka extend¬ 
ing across it; thus, a alight brick partition wall being f<»med 
of bricks lying on their broad sido, with their length in the 
direction oi length of the wall, is called a “half-brick 
thick,” its thickness being four and a-balf inches; a wall in. 
whiob the length of the brick extends thrungh the thickness k 
called a “one-brick thick;” a wall 14 inches through k called 
a “ brick and a-half thiok " (though to speak more aoonratoly it 
would bo 13t inches, that k, 9 for the whole briok and 4i for 
the half); an IS-inoh wall k said to be a “ two-briok thiok,** 
and BO on. 

If we suppose a wall of only half a briok thick, all the bricks 
used would, of course, be laid lengthwise, so as to show their 
whole length in the face of the wall. In laying a second coarse 
of bricks, core would bo taken to prevent any two vertioid 
joints from ooinoiding.' This would bo effected by placing the 
joints or meeting of the ends of the brioks forming the second 
oourBC over the middle of the brioke of the course below. Thk 
arrangement would be attended to in all the succeeding oousses, 
and k teahniesUy called hreaking joints .- a wall thus built is 
said to have a proper bond, a term which implies that the parts 
are well oonnooted. 

It must, however, be remarked, that the above supposition 
of a building only half a briok thick has been introduce merely 
to iiluBtrate the principle of what k technically oallod bond in 
building; no briok well so slight as the above should ever be 
used, this dimension being much too weak to afford proper 
stability even to the Bmallest buildings, unless the briokwork 
be held togrother by wooden framing, of whioU it fills th^ vacant 
spaces. Thk style of work, need for economy, is altogether 
unsnitable for pubUc bnildiuga, onlosa of a temporary nature, 
and k called “ brick nagging,” oi which specimens ore very 
common, especially in villagea. Briok nogging k also some- 
times used for the partitions of dwelling-houses. 

It k important that briok walls should bo kept perfectly 
vertical; and it must be remembered that if a wall at the 
bottom is in the slightest degree “out,” the evfl (like every 
other) win go on increasing, the top will gradually extend b^ 
youd the foundations and feU. But tiik k not tiie well 
must be kept “plumb,” wbiob does not necessa;^ mean 
upright, but a straight surface; thus, a mil may be slanting, 
as against a bank, or the side of a tower which tapers towards 
the top: bqt in whatever position it may be, it must be kepb 
plumb; and the plumb-rule* may not only be need for tl^ 
purpose, but to keep the vertical joints regulaity over each 
other. Thk k generally termed “keeping the perpends.” 
Next in importance to this, or we may say equal to it, k tbs 
subject of bond- 
isrg. By bond, 
k meant that 
method of oom- 
biningtbe bricks 
that each indi¬ 
vidual may be 
supported by aa 
many others as 
poB^lo; and 
thk k done by 
the judicious 
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Fig. 9. 


arrangement of the joints, which will be seen on reference to tiis 
annexed Qlnstraticns. 

* A plumb-nil* is a atndglit ptoea et wood, to whiob is sttsebed a 
strias with a pbnamet or lump of ksd. TIm asms is darivsd from 
tbs £aHa word phunbvm (ksd), sad tba Une formed by tbe wuli^risl 
eoid, sftea psifeetiy still, k a tma ostiaol Una. 
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Lei HI enppoM uv attempt weie made to build a wall bave therefore been devised, by which the entire thiehneM of 
aa in Fig. 9, by pladn; rows of briofcs ovw eaoh other t it the wall is so bonded as to form one compact s tructu re. Thus, 
will be erident that here none of the atones receive any other in the one system called *' Xhigliah bond," one oontse of InielcB 

support than ie afforded by those immediai^ under them. . .— . ■ 

fThns a.is supported by B, o, d, and b, and this is the greatest 
,amount of support it could receive; not would it be leas liabto 

to sink (suppoaiag the ground to give way under it), oven if it “~nf~T T”^ 

rested on a greater number of bricks so disposed, for in case 

of failure iu the foundation, the whole oolnmn abode would pjg, x?. 

sink, aiidinf down at the side of E o B xj. 

Now let us turn to iig. 10. Here, by the simple arrange¬ 
ment of “ breaking joint," we get the brick A supported by two . —----L—— 

others, B and 0| &ese rest on three bricks, d, e, e ; wbi^ in 
their turn are supported by four, a, h, l, 7; and these again rest 



on fine, K, L, K, B, o. Thus the brick A is supported by fourteen 
others, and its foundation rests on the entire space extending 
from F to q; further, this breadth of foundation does not 
refer to this brick only, but to every indftridual one composing 
the wall: thus, r rests Oil C, s; e,e, t; H,i, J,Wi audn, b, m, o, v; 
and any brick taken promiscuously is similarly support^; thus 
D rests on a, H, and o, h rest on e, l, m, etc. 

In &is illttstrarion all the bricks ore supposed to be laid on 
their broad sides, with their length parallel to the front of the 

_ wall; in this position 

they are called stretehara, 
'When bricks are Imd so 
that 'tiieir ends are to¬ 
wards the surface, and 
their length oxtonds into 
the thickness of the wall, 
as in the group shown in 
,, big. 11, they are called 

“• headers. 

Now, on referring to 
the previous diagram (Fig. 10), it will be seen that the wall 
there roprosentod would be a “ half-brick thick" one; and 
that even if we were to build one three times os thick on tho 
same system, tho wall would conmst of three separate ones 
of half-brick thiokness each, neither haiovag any eormeetion 
with the other I and thus the front might fall forward, the 


Fig, 14. 
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Tig. IS. 

l^dexmoet one might fall backward, or the middle one might 
sink; for neither one would give any ei^iport to the othsr, 
not bring in ai^ way hwstt in to each othor, the bmiding 
oMvriy longitB^nal or lengthwise, but no cross bo^ 
aamng between them. Clomblnatiana of stretohsnaxkdheadani 


is laid lengthwise, or as stretchers; and the next crosswise, or 
as headers. 

The annexed illustration (Fig. IS) shows tho oommencement 
of a wail of one-brick tbiokness, built in what is oaUed English 
bond. In this it will bo seen that the one course consists 
entirely of stretchers, and tho other entirely of headers. The 

plan of the lower course (Fig. 18) is _ 

given below tho elevation, and the j 

^on of the upper oonrao (Fig. 14) is I i - ■ 

placed above it. __ 

Now bricks are exactly half as . 

broad as they are long, and thus, if ■ — - ■ [.l i, — - 

when tho first course of stretchers 

had boon laid, wo followed the simplo /j w . 

idea of placing the next course as ! 

headers, and commenced at A (Fig. __ ' _i 

12), we should not produce a bond ! 

at all, for the second header, b, | - 

would fall over the end of tho first " j . - i .—■ 

stretcher at c ; thus one joint would ,, j 

be immediately over another; and j 

of course, if this were carried up, 
one portion of tho wall would soon 

separate itself from the other. The ___ ____ 

brioklayor, therefore, having laid bis 

lower course, places D, his first —r—— ——j— 
header, at A ; he then outs a brick 
in halves lengthwise, smd lays this i 

half-briok next to the stretcher. Pig. 21 , j 

This is called a “ closer,” E. He ! 

can after that proceed to lay the _ 

headers r^pularly, for the next _ _ 

header, E, then be placed so 

that Imlf of its width will be on ———— ••— 
each side of the joint C. (Hien will 

follow anoibor header, o, which will ____ 

leave a quarter of the length of the 

stretcher exposed, and this will be —— "■ 

oovered by the next header, E, which .. . . ——. 

will overlap the joint by its__ _ 

^widtti. 

15 shows the end of the wsU 
wbioh has been described. . . . .i i „ 

Kg. 16 illustrates a 14-inoh or Kg. S8. 

" briok and a-hslf " wall. Tho eleva- 

tion is the same in this as in tiie last; for of oonzM the fhieh- 
ness of a well is sot visible on its soifaoe { the pkma, however, 
dtow how the beads are arranged. 

Kg. 17 riiowa the plan of the fl»t mm», aad ell attenate 
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ooatMB tibam it; is tbia it trill bo soon vby iiie traU ia oalled 
“ brick aasd ai^latlf.'* » 

18 ia tbe plan of the Beoond conrae, and tbs alternate 
oonnea abore it .} and Fig. 19 gbows the end of anoh a wall. 

Fig. 20 shows the end, and Figs. 21 and 22 ore the plans of 
a two>briok fbiok wall, built in old English bond, and from 
those it will bo aeon how the thickness ia mode np. In the 
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lower oonrso, there is a row of strotchcrs on each side, between 
which headers are placed; thus the ihicknoss is mode np of the 
widths of two half and one whole bricks, whUat in the upper 
course two Ikoiulers laid transversely to the face of the wall 
give the required width. The dotted lines on each of those 
plans show where the joints would fall when the one course 
should be worked over tiio otlicr. 

In copying those examples, the student is advised to work 
to a scale, so that the bricks and hulf-kticks may bo drawn 
in. their proper proportion; and it may bo well to state hero 


Fig. 21 . 
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that this plan is desirable in working all the oxeroises in these 
lessons ,; for if every line be simplj'' measured, the studios will 
not convey oil the inatmotion intended, whilst by working 
them to a larger scale they will aiTord excellent practice. The 
student is also advised to attempt simple colouring from the 
oommoncement, so that the use of compass, pencil, and brush 
may bo practised together. 

Another kind of bond in very general use ia tliat callod 
“Flemish bond.’’ 

This consists of stretchers and headers hud alternately in the 
same conrso. Fig. 28 is the elevation, and Figs. 24 and 25 are 
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..‘plou ct two ooorsos according to ibis method. It is neater in 
ap^iianaoe than the English bond; but, owing to there being 
in it, tile oross bonding is not considered to bo as 
stcQbg. In walls of almost all tiiiokneimMbP^ oino inches it 
iftj|llNt' *noekiar; to nse hair-brisks, ia orasr not to break the 


longitudinal bond | bat although uniformity in the bond on tbs 
snrfaco may be tl^ preserved, it is at a eaorifioe 6t the cross- 
tie. It most be taken as a rule, therefore, that a brick should 
never be cut, if by any sleUl on tha part,of tlie tBorlman if am 
be laid whole ; for when a brick is out, am extra jrint is created 




in a structure, in the erection of which the greatest difficnlfy 
arises from the groat number of joints. The utmost care, then, 
slieuld bo taken to avoid making more than are absolutely 
indispensable. 

Figs. 26 and 27 represent plans of first and second courses of 
a brick and a-ltalf wall, built in Flemish bond. 

Figs. 28 and 29 show plans of the same wall, built so as to 
avoid the half-bricks without interfering with the strength of 
the bond. 'Jliis, ho'vvover, leaves an open space on catjh side 
of tho header in the thickness of the wall, which may either bo 
filled np with a bat or left open. 


ANIMAL COMMERCIAL PRODUCTS.—V. 

m.-STEAEINE AND OILS. 

The chief supply of animal oil is derived from various species 
of seals (order Carnivora, family i’/weiJu') and whales (order 
Cetacea). 

In order to meet tho needs of tlio creature it defends, tho 
true skin of whales is modified, forming tho layer of blubber, 
called by whalers tho blanket, probably in allusion to its office 
of preserving the animal heat. Tho blubber is composed of a 
number of interlacing fibres, capable of couiainiiig a very largo 
quantity of oily matter. The thickness of the blubber varies 
in tho several species; those inhabiting tho frigid suncs have it 
of greater thickness than those which habitually live in warmer 
seas. It is never loss than several inches, and in many parts of 
a whale is two feet deep, and, moreover, as clastic'as <saontchouo, 
offering an admirable buffer to the force of tho waves and the 
pressure of the water, as well as a defenoe from cold. In a 
large whale the blabber will weigh thirty t&is.,^ 

The specie.'! of whales that arc regularly hunted for tho sake 
of their oil are— 

Tho Creenland Whale (Balama mysticetM), which is confined 
to tho Greenland and Spitzbergen seas, its migrations being 
regulated by tho extent of tho porpetiial ice. 

The Hump-backed Whale (Megdplera longimana) attains a 
length of sixty to seventy feet, and inhabits tho Greenland seas, 
where it ia fonnd in groat abundance. Though its oil is said 
to be superior to that which is furnished by the Greenland 
whale, and not much Inferior to tho oil of tho sperm whale, yet 
it is not eagerly songht after. 

Tho Pike, or Finned Whale (Italwnoplera rostrala) is a 
ijativo of the seas that wash tho shores of Greenland, and is 
sometimes seen near Iceland and Norway. The flesh is in some 
repnte as a delicacy among the natives of these northom 
regions. The oil which it furrashes is said to l>e partionlarly 
delicate. 

Sperm Wheds (Odtodon macrocdphalu8).—Tius speoieB, whibh 
measures from seventy to eighigr feet in length, is chiefly 
notable on account of the valuable substances wl^ aza ob> 
ttained from Ha body—oil, spermaceti, teeth, amborgiis. , It 
differs from the true whaleu in having no Ween in tiio 
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palaitot bnt tx6m forty to fifty oonioal teetb in the lonrer jaw, 
which fit into oavitioa in the npi)er, ao that the mon& ia 
capable of being completely oloaed. The hood ia of on onormotta 
oizo, fonning about one-ihirilof the entire length of the animal. 
It ia cylin^oal, tmnoated, not couipoaed of a bone, bat of a 
Bort of cnrtilaginoua enveloiie, containing an oily fluid, which 
hordena by oxpoaura to tho air, and ia then Iniown as sper- 
maeeti. Thia aubatanoo ia also diffused through tho blubber. 

Tho sperm whale, or cachelot, is generally distributed in all 
BOOS, but principally in those of the southern hemisphere. 

The oil is obtained from tlio blubber, which ia only fourtoon 
inches in depth on tho breast, and eleven inches oji the other 
porta of tho body, and is tlievcfore not ao abundant in propor¬ 
tion to the aiao of tho animal aa that which ia extracted from 
tho Greenland whale. Its supOrior quality, however, compon- 
aatos fully for its dofleionuy in quantity. It ia much used for 
burning in lamps. 

, Tho apormaopti from tho head ia very valuable as an oint- 
' mont, and for tho manufacture of candles. The United State.) 
fit out more ifliips than any other nation for thia whale fishery, 
bringing homo annually more than 200,000 casks of train oil, 
and 150,000 oa.sks of spurmacoti. Next to the United State.a, 
Unglond is the oountry must engaged in tho whale fisheries, 
•the principal port, Hull, liaving about 200 ship.s. France em¬ 
ploys 145 ships in this businos.s, the principal port being 
Havre. Norway, Sweden, Denmark, and the llansoatie Towns 
take some part in tho wlmlo fiaherios, though not to any very 
great extent. 

Simrmuooti candles ,are mostly maniTfactnrod in England. 
Spermaceti is iinported from tho United States; tho value 
per ton iu I8fi6 was .11122 15s. Cd. 

Tho Bi'laya (lielaya cdloilaii), also called tho white whale, 
on account of the colour of its akin, is an inhabitant of the 
higher latitudes, being fomid in great uumbors in Hudson’s 
Bay and' Davis’s Stinils, and froipieiiting tho mouths of large 
rivers on the nor! hern coasts of Asia ami America. Tho oil 
furnished by tho hehiga is of very good quality, although amall i 
in quantity, and is sufficiently valuablo to have led to tho esta¬ 
blishment of regular beluga hunts in the groat North American 
rivers, which they ascend, for some distance in search of prey. 
Tho sldn eau be made into a peculiarly strong tough leather, 
and is said to resist an ordinary muskot-baB. 

Tiio Seoiln, which have boon described in page 74, are also 
hunted for the sake of their oil j and the pursuit of them is 
superseding that of the Greenland whale, for tho latter ha.s 
boon greatly rednood in numbers by continued poraocution at 
tho hand of whalers for upwards of ono hundred years past. 

A largo number of Britiah vessels are engaged each year in 
the capture of whales and seals; and tho importation of train 
or blubber oil from British North America for 1867 was 15,945 
tuns, the average for the last fifteen years being, however, 
20,000 tuna. The price per tun in 1806 was )£44 lla. lOd. 

Tallow .—This is an article of great oommorcial valne. It is 
animal fat separated from membranous matter by fusion, and 
consists chiefly of atoariue, with a small quantity of qjoine. It 
is manufactured into caudles and soap, and ia extensively used 
in dressing leather, and in various other processes in tho arts. 
“Wo ore supplied extensively with native tallow, and wo annmvlly 
import a large quantity, priiieipally from Bussia, Hungary, and 
Turkey—altogether about 20,000 tons a year. Our impuj^ of 
tallow from Australia and the Argentine Confederation average 
also from 2,000 to 3,000 tons annually. Tho entire imports 
from all parts were—in 1865, 3,125,282 owt.; in 1866, 
8,008,807 mvt.; and in 1867, 2,419,594 cwt. respectively. 

Tho tallow wo receive from Aiistralia ia chiefly obtained from 
sheep, the oaroasoa of whioh aro boiled down tar thia product 
, alone j that from South America is from oxen and even horses, 
whioh roam in a half-wild state over the grassy plains of Monte 
"Video, La Plato, etc. Tho miimalB are slaughtered for their 
• hides, tallow, and bones. 

IV.-FOOD PRODUCTS. 

is extensively made'in tho counties of Cambridge- 
shue, Suffolk, Torksbire, Somerset, Gloueestershire, Oxford¬ 
shire, and Essex. In Scotland excellent butter is made in 
Clydesdale and Abordeensliire. The butter produced in Groat 
Britain is, however, insufficient for home consumptioin, and large 
quantitiee are imported, principally from Ireland, where it is a 


staple oommodity! and from Holland, Belginm, the Haaw 
Towns, Franco, and iffie United States. Tho foreigii impOrtB 
for 1869 wore 1,142,262 owt. 

Cheese is the curd of milk oompresaod into solid masses of 
! different sizes and ehapes, salted and dried, an(| sornetimss 
coloured and flavoured. Besides our own supply of Gloucester, 
‘Wiltshire, Cheshire, and Stilton cheoaos, which aro the moat in 
demand, wo import a considerable number of foreign cheeses, 
amongst which are Limburg choose from Belgium, Swiss choose 
from Switzerland, Parmesan‘cheeaea from Parma and other 
' places in Lombardy, American cheeses from tho United States, 

; Edam and Gouda choeacs from Holland, and Gcrnuui cheeses 
I from Westphalia. Tho last come to market nnido up into 
round balls, or short oylindora, under a pound weight each. 

Thu rich flavour of Panuosau cheoso is owing to tho oromatio 
plants which abound in tho Italian postures. Stilton cheese, ao 
named from the town in Huntingdonshire whore it was first 
bi-uugUi into notice, ia tho duare.st of all English ohecsea, tho 
prioo being generally to that of Cheshire- as 2 to 1, or 2 to 
'll. To produce premature decay, and consequently an appear- 
, ance of age, in these chocsos, tho manufoctarers ore said tOi; 
bury them in masses of fermenting straw; also to spread ihet 
• (fcird out on tho ground over night, by whioh it becomes sooneri 
; liable to the blue mould. Tho quantity of oboeso of all kinds 
irajyirted during the year 1867 was 905,476 owt., tho principal 
countries which supplied u.s being Holland and 'the United 
States. 

Lard. —Tho molted fat of ewiuo ia imported chiefly from thk 1 
Unitnil States. In 1867 wo received 246,839 cwt., of tho 
average value of J63 9s. per owt. 

lilVK STOCK. 

Orrn. —Tlio numbers imjiorted were—in 1865, 283,271; in 

1866, 237,729; in 1867, 177,948 respectively. The overage 
I price per head in 1867 was .£17 19s.; and tho principal coun¬ 
tries whence imported were Schleswig, Holstein, and Holland. 

Hheep and Lambs, principally imported from Holland, 
amnuuted, in 1865, to the number of 914,170; in 1866, 
791),880; in 1867, 540,326, of tho average price per hood, in 

1867, of £2 10a. 

MEATS. 

Bacon ond Hams. —Tho imports in 1863 were os much as 
1,877,813 cwt., since which year tho importation has been on 
the decline ; in 1807 the number of owt. was only 537,114, of 
the value of jBI, 391,779. The greatest supply was from tho 
Hanse Towns and tho United States. 

Beef (salted).—Tho imports, oliiofly from the Hanse Towns 
and the United States, were, in 1867. 2-46,707 owt., of the value 
of .£623,392. 

Pork (salted), not including hams, is imported from tho Honso 
Towns and tho United States: the quantity which was re¬ 
ceived in 1867—150,285 owt., of the computed real value of 
.£351,871—ia much below tho annual average. 

Prcservatimi of Afcai.—How to meet -the gro-wing demand 
for bntehor-moat, oonsequent on an increase of population and 
a decrease of stock, arising in great measure from pasture- 
lands licing brought under tillage, is a queatien of gra-vo im¬ 
portance in relation to the commercial prosperity of this and 
other countries, and calls for tho earnest attention of legislators 
and aeiuutific men. Though tho stock of sheoji and cattle 
raised in England is large, and that of eattlo in Ireland and 
Scotland is a sonroo of wealth to those two countries, yet 
onormons quantities of meat are imported. 'Wlien we turn 
1 our attention to Auatrnlia and tlie Argoutino States, wc find 
j the flesh of oattlp and sheep sacrificed for other ports of th« 
animal; and he who ahall devise a method by which these meats 
can bo ooonomioally imported into tliw couirtry will be l^®d 
ono of tho greatest public bnnefactors of tho ago. The im¬ 
portation of tho living animals seonia out of tho question, not¬ 
withstanding tho arrival of one or two cargoes; and as the 
jerked or sim-driod beef, though brought in at low rates from 
Monte 'Video, etc., has not found favour, there only remains 
the discovery of a imocess by which tho meat can ho preserved 
in a fresh state a sufficient length of tune to admit of its 
transportation from regions ao distant. 

Tliis art of preserving moat is one modem tunes, and 
differs entirely trojn tho old and common methods by means of 
salt, saltpotie, angar, etc. Those substances, when in solntion. 
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not abioib oxygon, aad thorefora iiK7 prorant desompoBl- 
tioB. hiatcay at th« aartof pmarring ateat in a fiMh 
state is aasooiated with ths earliest Aroiao «c|^mtions. 
Soiantite obaemn found that eoorbntie diseaies arising from 
liring eonilnaiv^ on salt meat were feartoUy aggravated by 
eztroae odd j the Admiralty, therefore, oiEared indnoemente to 
metohute to devise plans for preserving nnsslted meat, cooked 
or in a raw state, thns doing away with the nee of edt meat 
altogsthsT. It is hardly possible to over-estimate the impor- 
taaoe of snbjeot, as is evident from the teot that preserved 
proviaioiis, cooked or raw, are an absolnte preventive of sea 
soorvy. 

IL Appert, a Frenoh gentleman, was the first to snooeed in 
ithe attempt to preserve unsalted ot fresh meat, and in 1810 he 
neoeived a prise of 12,000 francs from the Farisian Board of 
Arte and Hannfaotnres. In the following year, M, Durant, a 
ooUeague of M. 

Appert, took 
out, in this 
country, a pa¬ 
tent, which was 
subsequently 
puroba^ by 
Heasra.Donkin, 

Hall, and 0am- 
ble, for ^1,000. 

H. Appert's 
prdbesB oon- 
eietod in partly 
cooking the 
meat, placing it 
is a glass ves¬ 
sel in a bath of 
chloride of cal- 
ctnm, heating it 
to about 240° 

Fahr., and then 
hermetically 
sealing the li^ 

Appert’s plan, 
as adopted and 
improved by 
Uessrs,Donkin, 

Hall, and Gam¬ 
ble, ie ae fol¬ 
lows ! >— Tin 
canisters aro 
substltated for 
'Oio ghws vos- 
sek, and the 
snaat (pre¬ 
viously pat- 
b(dlod)iii placed 
in them, with a 
vioh fl^vy or 
•oBp. Ihclids, 
which are 
iderood wUh a 
anssH hole, are 

Ithea ecldeted down air-tight, and the canistors immersed in a 
bath of hdhe or chloride of mdeinm, heated to boiling point. 
Chi tiw steam from the hole in the canister lid, it is 

ouddnly oondenaed by the application of a cold wet rag, and 
a drop til nx^ten solder being dexteroosly applied to the hole 
at the same moment, the case beoomea hmmetioally sealed. 
Cte coding, the ande ii the oonistera are slightly concave, from 
the dfeot of atmoapheric preasure, if the process has been 
snoeessfnl; but if ^e ends have flattened, or become convex 
instead til oonoave, then either the oaae has not Ijeen properly 
bcUmed, aad is not air-tight, or the meat has decomposed and 
lilMxatod gases. 

At aeon as this modhteatiem of Appert's ptooess was mode 
'pHMrtiWDy pttfeot, it wsa tested by order of the Admirslty, 
wad sHlti were dispatehed Iqr them to the Axotic regions with 
an sStetitet topply of these mesA oanktars. On their return, 
‘tiba dwsanand of Am expe^tion «qtett»d favourably 

sft llte AilMiia. Tlteiit value in oedd tfliiwties having time been 
the eaepsEimaat wad tafad with eqaal 


Buooesa by vessels trading in the tri^iosl regions. For titip 
use ihese pruerved meats are invaluable, and bardly a vessel 
now leaves this country without a supply. Xb India they are 
extensively used as luxuries in the towns, aad as neoeai^es 
in the remote dietriote, where fresh meat ci any kind is soaroe 
and bod. It may be noted here that most of the ooeen steam¬ 
ships belonging to ports of the United States and Fnrope axe 
provisioned wite fr^ meats conserved in ioe. 

V. WOOL. 

In eommeroial phraseology the term “ wool ” k applied to 
the hair of the alpaoa, goat, beaver, and rabbit, and to aUiod 
substanoes; bnt, more strictly speaking, it belongs to the sheep 
alone, the hair of whirii, from time immemorial, ^ boon woven 
into doth. 

Wools are divided into two great olasses—olothing wools 

aad oombing 
wools, or short 
wools and long 
wools; and the 
fabrics woven 
from them are 
tormodvrooUens 
or worsteds, ae- 
cording as the 
one or the other 
is employed. 
The fibres of 
dothing wools 
felt or inter- 
laoo with one 
another, fopn- 
ing thereby a 
dense oom- 
poct material, 
suitable tor 
warm and heavy 
clothing; these 
wools are manu¬ 
factured into 
broad cloths, 
norrow cloths, 
felt for hats, 
blankets, car¬ 
pets, serges, 
flannels, and 
tartans. Comb¬ 
ing wools,. on 
the oontrary, 
though long in 
fibre, do not 
felt, and aro 
therefore em¬ 
ployed in the 
mannfaotnre of 
light and loose, 
but still iraim 
garments — 
such as stuffs, 

bombazines, merinos, hosiery, oamlets, and sbawk, and various 
mixed goods, as damasks, plashes, and vdvete. 

The wool of the sheep has bom greatly improved sinoe &e 
animal has been brought under the fostering care of man. 
mov,^on, which is oonsiderod by some sodogists aa the parerf 
Stock of the common domestic sheep, inhabits the mountainB of 
Sardinia, Corsioa, Greece, iBarbary, and Asia Hinor. This anima l 
has a very short and coarse fleece, more like hsir thsn wod. 
When domestioated, the rank hair disappears, and the soft 
wod around the hair-roots, which is har% visible in the wild 
animal, becomes singululy dovdoped.^ If sheep axe loft to 
themselves on downs and moon, tkaro is a tendency to tiie for¬ 
mation of this hair amongst the wed; its ooonnenoe in the 
fleece of domestio sheep is therefoN rare, aad is always 

garded ae proving dofeetive sheep-farming. 

The dauto tit this country is uafavonxable to the growth of 
the best wods; bonoe tiw superiority of the Meitiio, Saxony, 
and Australian weds, the prodnoe of oonatries having a 
Average ten^exataw. 
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THE STEAM-ENGINEL— II. 

Br J. H. Wianas, B.A. 

■trpiBHBATiBCeontimead)—LocoMOTira aoii>XB8r-A.BTmoiJLL 
DBAUaHT — COMSTBtrCTIOK Or BOII.XBS — KA.NH01.K — 

Bhov-on coox—oxuax olasb, xtc. 

In aome loms of anperheater the atoam paasea through a aoi 
of pipaa arranged in a chamber, through which the amoke and 
heated air poaa on their way to tiie chimney. In other varietioa 
the emoke ia made to traverae a aeries of email tubea, while 
the atoam'paaaea outside them. This plan waa adopted in the 
Great Eaetem steamer, the Bteam>pipe opening into a large 
rootangular chamber, placed at the foot of the chimney, and 
traveraed by a large number of vertical tubes through which 
the smoke had to pass. The area of the superheater varies, of 
course, very oonaidembly; but a common proportion is about 
one and a-half aquoro foot of sorfaco for each nominal horse- I 
power of the engine. A somewhat similar arrangement ia some- I 
times mode in tubular boilers, vortioal tubes being introduced, I 


weight. A cylindrical tubular boiler ia accordingly employed; 
but the tubes ore made of mnaller diameter and greater Iragth 
than those ordinarily adopted, their usual diameter bc^og 
about two inches, wbOe in length they often run &om ten to 
twelve feet. The number empl^ed, too, k very large; in some 
peweiful engines aa many as 800 will be found, and in this way 
a large heating surface is obtained without unduly inoreaaing 
the dimenaions of the boiler. 

There k one difficulty prodnoed by the employment of ao 
many small tuboe, the dnng^t k oonaideiably diminkhed; and 
aa a locomotive engine k obliged to have a very ritort ohimney, 
no increase can be prodnoed in thu way. It k necessary, there¬ 
fore, to roaort to some other meana of prodnoing a ^nght 
sufficiently poweifnl to maintain the neceseaxy heat in the 
furnace, and the way in which thk k usually aooomplkhed k 
by placing at the base of the chimney a steam-pipe, the blast 
from which quickens the draught to the required e:^nt. 

This pipe should be fitted with a fnnnel-ahaped mouth-pieoo, 
aa in thk way a much larger body of air k thrown into motion 



which ore filled with the water, while the smoke finds its way 
between them, and thus imparts its heat to their outer surfaces, 
instead of their inner surfaces, as is usual. 

Thk plan was auggostod by the Earl of Dundenald, and ia 
Fig. 6 we have an illustration of its use. This figure shows a 
section of the boilers of the Atlantic atoom-ship. Two furnaces 
are employed here, one bokig placed above the other; the amoke 
from the two unites, and, after passing in and ont among the 
vertical tubes, strikes against tiio bridge at the further end, and 
thence escapes into the chimney. 

We must not stay here to notice the many other modifications 
often made in various marine boilers; for these, and all other 
detaik, the ptaotioal student should consult Bourne’s various 
works on the snbjeot, in which ho will find almost every variety 
fibred and described, and in many cases fnll details as to 
.dimensions and heating surface, which cannot be given in a 
series of papers like the present. 

Loeomotive boilen differ in some respects from any of those 
already dAoribed. Instead of being built and fixed in a given 
place which they are permanently to occupy, th^ are, as t^ir 
name implies, portable. The apeokl requiremente of the oaaa 
demand, therefore, that they be made of small dimenriona, and 
— Mg ht as praotfoable. Emnomy of fuel, though atiU an im- 
portant pciat, k, ia thaae, snbaerrient to eoonomy ia apace and 
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by it. There k usually a small pipe fitted to this, ao that when 
the engine is at rest, or getting np steam, a amall stream 
may be allowed to escape. When the engine k in action, 
the waste steam from the oylindws, which escapes at a con¬ 
siderable presBUTO, k commonly employed, and this it is which 
produces the series of puffs which may so frequently bo observed 
issuing from the funnel of a locomotive. The draught prodnoed 
in thk manner is so strong that sometimes small pieces of ash 
or cinder are drawn from the furnace and thrown out of the 
funnel. These are, of oonrae, very dangorons, and in dry 
weather crops have thns been set on fire; a screen k therefore 
employed to intercept them, and lot them fall down to the foot 
of the ohimney. 

In American locomotives the top of the funnel ia nsnally oon« 
siderably enlarged, and fitted witii a contrivance known aa a 
“spark-trap” or “spark-arrester.” Tins is more neoeBsaiy 
there on oooonnt of the prairies, which in a dry season are very 
easily fired, and also because wood k often burnt, and thk 
throws off more sparks than coal dooa The detaik of thk 
trap will easily be understood by refeeenoe to Fig. 6. The two 
inverted curves, h h, placed above the central fnnnd g, arrest 
the sparks, and throw them down into the bhambers, i t, where 
they remain, while the smoke and hot air eseape throngh the 
shaded apoWes. 
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Coke alone ought be be bnrnt in locomotive boilers, so as to 
jnevont the.smdte which is often prodnoed in oonsideiable 
quantity; bat this regnlation is by no means rigidly adhered to, 
and often dense Tolnmes of smoko, may be seen issning from 
the fnnnd. The (nmaoe-bars are usaally placed so as to slope 
oonaiderably, and by carefully introducing the coal in front it 
beemnea ookod, the smoke given off being mixed with the sir 
and partially bnmt in the farther part of ^e famooe; but even 
with this preca^on a good deal of smoke is often given off 
when coal is employed. 

Looomotiree for use in conntries where wood is plentifnl and 
eheaper than cosl, are made with special furnaces for burning 
wood. The main difference consists in the necessity for an 
increased area of heating surface, as tbo heat produced is less 
than where coal is employed. In an ordinary locomotive about 
five square foot of heating surfoco per nominal horse>powor is 
the nsnal allowance. 

The following details of a locomotive passenger engine, ex¬ 
hibited by Messrs. B. Stephenson and Co. at the Paris Exhibition 
in 1867, will give n general idea of the dimensions of ordinary 
passenger locomotives. Goods engines are, of oonrse, made 
mnoh heavier and more powerful, speed being in them of much 
less importance than tractive force. e 

The diameter of the cylinders was 1C inches, and the length 
of stroke 22 inches. The heating surface of the firebox was 
83 square feet, and in addition to this there were 161 tubes, 
2 inches in external diameter and 11 feet 4 inches long, pre¬ 
senting in the aggregate a heating surface of 960 square foot. 
The boiler was 4 feet in diameter, and might be safely worked 
up to 190 pounds pressure per square inch, being mode of i-inch 
boiler plate. The driving-wheels wero foot in diameter, and 
anstained nearly ono-holf the weight of the engine, which was 
about 30 tons. 

There are many general features common to nearly all forms 
of boilers, to which we must now turn our attention, for at 
present we have mainly been concerned with the shape and 
arrangement of the various ports. Copper has oeoasionally 
been employed as the material of which they are constructed, 
and in many respects it is the host material, as it is loss liable 
to become incrustod with the deposit from the water, and is 
also more durable than iron. The greatly increased expense, 
however, preolndos its adoption, and boilers are almost nni- 
versally oonstructed of wronght-iron plates. The best plate- 
iron shonld be chosen for this purpose, and it should be very 
tough, so as to withstand the pressnre. The platoe are ont so 
as to overlap one another to a slight extent, and, after being 
bent to the proper curvature, are firmly rivet^ together in the 
manner shown in Kg. 7. The holes should be very carefully 
pnnohed or drilled, so as to he just the same distance apart 
in the two plates; if tiiis is carelessly done, so that the holes 
do not exa^y correspond, and the plates have to bo forced 
together by “ drifts,” and then riveted, the strength of the 
boiler is muoh impaired. When the plates arc brought to¬ 
cher they are temporarily scourod, and tlwn a rivet is insortod 
in eaoh of the holes. The rivets, which shonld be of the best 
Lowmoor iron, are first heated in a furnace till they are quite 
soft f they osco theu inserted, and immediately hammered down 
so as to form a good and solid head. As it cools and con- 
traots ihe rivet draws the plates closer together, und thus 
forma a tight joint without any pocking being introduced. 
Hie rivets should bo placed at ^stances of about two inches 
from oentre to centre. 

When the boiler is completed, the joints arc carefully caulked 
—•that is, the inner edge is foro^ into closer contact by means 
of a hammer and oold chisel or punch, and before being used it 
should be tested by forcing cold water into it till the pressure 
exceeds that to wMeh it will ever be subjected when at work. 
Any leak will thus be easily detected. Kings of well-made 
angle iron are placed round the ends, and also at intervals 
along the length. Internal stays or stmts arc also introduced 
wherever they are considered necessary, to guard against the 
boiler bulging or collapsing. The different plates should bo 
80 arranged that the seams do ntit form a coutinaoue lino either 
'tke boiler, each being intermediate to those in 
adjoining plates. The reason rf this is that the plates 
beeome eomewhat weakened by ttie rivet-holes, and tho boiler 
wight under pressure port at the seams. I 

I t hie kijss of the plate-iron employed depends upon the j 


pressure at which the boiler is to be wod:od, sod slso upon its 
dii^eter. The following is a rule which will give the ipi^mum 
thickness of plate that ought to be employed, and it is, of 
course, better to be on the safe side, and exoe^ rather than 
fall short of this;— 

Multiply the internal diameter of the boiler expressed in 
inches by the maximum preesuro in pounds per square inch of 
surface, and divide the product by 8,900; the result will give 
the thickness of the plate in inches. 

An oxomple will render this more clear. Suppose we have a 
boiler whose diameter is 4 feet, and it is reqoimd to work it to 
a pressure of 70 pounds, what thickness shonld the plate be P 
Multiplying 48 by 70 wo get the product 3,360, which, divided 
by 8,900, gives us *377 os tho thickness required. 

The usual thickness of the plate employed is about three- 
eighths of an inuh, and the rivets have a mean diameter of 
about five-eighths of an inch, though they vary more or less 
from this. The plates to which the tubes are fastened in 
tabular boilers are made oonaiderably thicker, as tho number of 
holes drilled in them materially lessons their strength. For 
the same reason, whenever an opening is cut in the boiler to 
admit tho stoam-pipo or any other fitting, it is well to rivet an 
internal block round the opening, so as to compensate for the 
diminished strength. As a result of many experiments, it is 
found that the tenacity of boiler-plate increases with tho tem¬ 
perature up to about 500® or 600® Fohr., but beyond this it 
diminishes. 

In every boiler it is necessary to provide some opening snf- 
flciontly largo to enatde a man or boy to got inside, in case of 
any repairs being necessary. This opening is known as tho 
“ manhole,” and must be so arranged that it can at pleasure bo . 
closed so as to he perfectly steam-tight. Tho plan for a long * 
time adopted was to ont an oval hole in the boiler, and proonro 
a x>late about an inch or two larger on each side. This could 
be inserted sideways through the opening, and lie edge being 
smeared with red lead or some similar substance, it was held in 
its place by moans of a screw fixed to it, which passed through 
a hole cut in a movable arch, placed outside the boiler over the 
oponing. By screwing tho nut on the screw, the plate wae 
drawn tightly against the boiler; and tho pressure of the steam 
being exerted outwards, aided in keeping it firm in its position. 

This plan has, however, gone almost out of uBo,^and man¬ 
holes are now constmoted on the plan shown in iig. 8. A 
circular or oval aperture is ont in a convenient portion of the 
upper surface of the boiler, and a short tube with a flange at 
the lower end, so made os exactly to fit tho curvature of the 
boiler, is fitted on over tho opening. This tube is securely 
fastened to tho boiler by means of sorew-bolts and nuts; pack¬ 
ing is also introduced to render the joint tight. On the upper 
end of tho tube is another flange, made quite true, so that 
a thick plate of iroi) may be firmly bolted to it, and close the 
opening steam-tight. Copper vrire is sometimes employed ,in. 
this caee os a packing, a ring of it being laid on the surface of 
the flange, and as tho screws are tightened the wire beoomea 
flattened, so as to give a very perfect joint, and one not likely 
to become injured by the heat. 

In addition to this oponing, another is required to enable tba 
boiler to be emptied when neoessory. The water used often 
contains a large amount of various mineral salts in solution, 
and as these cannot pass away with the steam, the water in tho 
boiler becomes so saturated that it deposits a portion as a crust 
on tho internal surface. It is therefore advisable*, occasionally 
to lot a considerable portion of the water in the boiler esoape,. 
and this may be effected by opening this blow-off cook, as it is 
termed. (Fig. 9). At a convenient portion of tho under-side of 
the boiler an opening is made throngh tho plate, and one end of 
a largo pipe is inserted in this, the other end being closed by lu 
valve able to withstand the pressure of the steam. This valve 
has a square epiudio, and is usually situated just in front of the 
boiler, or in the ashpit, so that it may easily be got at when . 
required, without being in the way under ordinary oiroumstonoes. 

Were tho boiler left quite unprotected externally, a very 
large amount of heat would be lost by radiation from its sur¬ 
face, and the building in which it was placed would soon become 
extremely hot* To guard against ^ose inoonveniences, the 
boiler shonld be surrounded by some material wHoh is a bad 
oonductor of heat, and which will therefore prevent ito escape. 
For this purpose sawdust is fonnd to answer very iMs sd< 
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In man; ouei, therefore, the boiler is ennonnded with a oaeins 
at “lagging” of wood staffed with eawdast,and when this is 
done the boilee-room will bo qnite oool. 

The steam-pipes and the cylinder of the engine are frequently 
jacketed in a similar way. Patent felt and Tarions fibruns 
snbstanoes are in some cases employed in place of sawdust, and 
answer the same end. In locomotive boilers some protection of 
this kind is very necessary, since they are so much exposed to 
the sir and weather that the loss of heat would be very largo 
and serious. An incidental advantage of casing the boilers is 
that when protected th^ may be touched with impnnity, and 
thus many bums are avoided. 

If we examine any bmler we shall find several appendages 
affixed to various parts : these wo must now describe. When 
a boiler is started it is filled with water up to a certain fixed 
level, and it is very important that this level should be main¬ 
tained almost uniform. 

The fines are so arranged that no portion of the boiler-plate 
or tubes shall be exposed to the direct action of the heated nir, 
unless it is protected by being covered inside witli water. Some 
of this water, as soon as the tomi>eratare rises, becomes con¬ 
verted into steam, and thus keeps the plate from becoming 
unduly heated. If now the level of the water falls too low, a 
portion of tho surface will bo orposod, and may not improbably 
be iignred by being overheated, and thus rendered so soft os to 
bulge. Many explosions have arisen from this cause, and tho 
need of groat caro will therefore bo easily seen. As the engine 
is at work, a portion of the water is oonvertod into steam, and 
thus the level inside tho boiler is contintially falling : wo want, 
therefore, some easy mode of indicating at all times tho exact | 
level, and also of introdneing fresh supplios of water to toko . 
tho place of that evaporated. 

The simplest mode of indicating this is by means of a 
“water gauge,” wliiob is shown fixed on the end of the boiler 
at B (Fig. 10). This consists of a thick glass tube communi¬ 
cating above and below with tho boiler, so that the level of the 
water in tho glass is tho same as that of tho water inside tho 
boiler. The gauge is usually provided with cocks, as shown in 
Fig. 11; by moans of those at a and b it may bo quite cut off 
from oonnection with the boiler, so that in case of tho glass 
becoming accidentally broken, the steam and water can at onoo 
be prevqpted from escaping, and a fresh glass can ea.':ily bo 
introduced. An additional cock is placed at c, by which the 
water in the tube can be allowed to escape from it. The tnbo 
is usually fixed into its sockets, d, d, by a screw-ring, an india- 
rubber packing being introduced to render the joint steam-tight. 

Another plan frequently employed for ascertaining tho level 
of tho water is to place two cooks. A, A (Fig. 10), in tho end of 
the boiler, the one being an inch or two above the other, and 
the level of those is so arranged that the one shall be a little 
below the normal level of the water, and the othor about as 
much above it. When, therefore, the water is at the proper 
height, steam should issue from the upper one when it is 
opened, and water from tho lower one. Should it at any time 
f^ too low, steam will issue from both, and tho engineer should 
then immediately sot tho feed-pump in action, soastointrodnoe 
a fresh supply of water. If, on tlie othor hand, water issues 
from both cocks, it shows at once that there is too much water, 
whereby steam space is curtailed, and tho proper action of the 
boiler is somewhat interfered with. 

As a general rule it is found best to have as much steam 
space in the boiler as is oqnivalent to about eight times tho 
contents of the cylinders ; in a small boiler it is well, however, 
to allow rather more. One disadvantage of curtailing the 
steam space is that the steam carries with it a larger amount 
of water in a fine state of division, and this is deposited in tho 
cylinder. To guard against this as much as possible a steam 
dome (c. Pig. 10) should boprorided, and tho steam-pipe should 
start from its highest point. 

The door by whieh fuel is introduced into tho furnace of the 
engine shown in Pig. 10 is at », while tho ashpit is imme¬ 
diately below it. The ooek at b shows tho applianoe by which 
the quantity of water in the boiler can be rednoed at pleasure, 
or by whieh the boiler, may bo emptied when nooessary. This 
cook, and the manner in which it is affixed to the boiler, is 
shown on a larger scale in Fig. 9. 

The description of the ortangcraents usually employed for 
iiqeoting water into tho boiler wo must defer to our next lesson. 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS AND MANUFACTURERS. 

IV.-JAMES TAYLOR. 

St JAKBB OBANT. 

Jahbs Taylor, generally understood to bo tho first person who 
applied the power of steam to inland navigation, was bom on 
the 3rd of May, 1758, at Leadhills, a Lanarkshire village, which 
is perched amid a complete wilderness of dismal and heathy 
mountains, the most sterile and bare perhaps in Scotland. 
This victim—for such ho proved to be—of a life of disappoint¬ 
ments received the rudiments of bis education at the academy 
of Closobnrn, in Domfriossbire, a free school, which was hand¬ 
somely endowed by a gontlenmn named Wallace in 1723. Iso¬ 
lated though bis native village is still, it has possessed a 
good library since 1741; and of the contents of its volumes 
young Taylor is said to have amply availed himself. After 
graduating in medicine, he was employed by Mr. Patrick Hiller, 
of Dalswinton, as tutor to his two sons, who wore atudy^ 
ing at tho University of Edinburgh. It was the wish of Mr- 
MiUor that Mr. Taylor, whose scientific attainments had been 
'warmly praised by a mutual friend, should assist him in certain 
mechanical pursuits, with which he was in the habit of amusing 
his leisure hours; and in the year mentioned, he happened to 
bo engaged in a series of operations for adding paddle-wheels 
to sailitig-ships, with tho view of rendering them independent 
of wind and tide, so that they could bo enabled to avoid currents 
or lee-shorcs, and extricate thomseIvc.s from various perilous 
positions—somewhat of the old Archimedean idea of machinery 
driven by human agency. Taylor, who had a strong love of 
mechanics, entered warmly into the idea, and aided his patron 
in the construction of a double vessel, sixty foot long, having 
intermediate pAddles which were revolved by a capstan that was 
worked by human labour; and this craft they launched and 
tried with success on the waters of tho Forth in tho spring of 
1787, and easily snoccodud iit distancing a smart enstom-honso 
vessel which was contented to sail under canvas. 

The success of this attempt convinced Taylor of the great 
utility of paddles; but perceiving that the crew at the capstan 
soon became exhausted, ho conceived that some superior mecha¬ 
nical labour was necessary to render their invention of valne 
to the nantical world. After much thought, ho wrote to Mr. 
Miller on the subject, and received a reply which showed that 
their ideas wore similar. “I am of the same opinion,” he wrote, 
“and lhat power is just what 1 am in search of. My object la to 
add mechanical aid to the natural power of the wind, to enable 
vessels to avoid and to oztricato themselves from dangerous 
situations, which they cannot do on their present oonstmetion.” 
The letter concluded by requesting him to suggest some plan 
calculated to accomplish this purpose. Mr. Taylor applied 
himself to a close consideration of all tho mcchanioal powers 
already in nee, but failed to be convinced of the possibility of 
applying any of them to this now purposh, till at length the 
steam-engine presented itself to him. 

This idea was not entirely now, for though Taylor may never 
have heard of Blasoo do Garay, a Spanish merchant captain of 
that name, in tho year 1543, daring the reign of the Emperor 
Ciiarlcs V., conceived tho idea “ of an engine able to move large 
vc.sscls in calm weather, without tho uso of oars or sails;’’ and 
this engine he actually tried on board of a 200-ton ship named 
La Trinidad, in tho harbour of Barcelona; but all we know of 
it is, that it consisted of a boiler, and an axle laid across tlie 
vessers deck, with a wooden wheel at each end—and that some¬ 
how it proved a failure eventually. 

On suggesting tho adoption of tho steam-engsno to nai^tioal 
purposes, Taylor found that ho exeited in Mr. MiUer more 
'Astonishment at the novelty than resia'ct for tho feasibility of 
tlio plan; but though somewhat stiartled himself at the boldness 
of Ws own conception, he was, nevertheless, convinced of its 
being perfectly practicable. 

Though weU skilled in meobanies, blr. Miller made many objec¬ 
tions, some of which were on the score of expense and risk, 
thinking that steam-power would he unavailing in those critical 
circumstances which it had been his chief project to obviate or 
conquer. “ In such cases,” ho wrote, “ as that disastenus event 
which happened lately, tho wreck of a whole fleet upon a leo-shoro 
off the coast of .Spain, every fire on board must be extinguished- 
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and of oonn* an en^ino oonld bo of no use.’* Bnt Taylor 
bod thoranghly considered the subject, and, undannted by ob- 
etaclos, nrged that, if inapplicable to soa-going Tessels, the new 
notive power might at least prove nsefol on oanals, eetoaries, 
and inland laifcee. After long oonsidoration, Mr. Miller oon- 
sonted to aasiat him in the matter, and asked him to prei)are 
sections and other drawings to show how the engine and oxtomal 
paddle-wheels were to bo conneotud. Taylor did so, and his 
friend, though still nnoenvinood that the project was possible, 
agreed to at the expense of the experiment, provided the 
sum required was not too heavy, as he candidly confessed that 
of the powffi of steam he know nothing. They woro then in the 
country, at Mr. MiUor’s mansion of Dalswinton, and it was 
fully arranged that on their return to Edinburgh in winter, the 
engine was to be constmoted. Earing tho summer of that year 
Mr. Miller hod drawn up an account of all his experiments upon 
shipping, and, at Taylor's suggestion, introduced an aHusiun to 
steam as an agent probably to be employed in tho propulsion of 
his vessels; and copies of this wmk were transmitted to tho 
King, tho Ministry, to tho leading members of the Upper and 
Lower Houses, the President of the United States of Amorioa, 
and to all the maritime powers of Europe. 

In the winter of 1787, when Mr, Miller had returned to the' 
Scottish capital, ho empowered fe. Taylor to sot about tho 
oonstruotion of the intended engine; and tho latter employed 
a young engineer named Symington, who was then residing in 
Edinburgh for the study of mechanics, and who had already 
attempt^ somo improvements on the steam-engine. After long 
discussion, it was agreed that the latter should form it on a 
plan of his own, and that the groat experiment should be made 
almost privately, in the ensuing summer, on tho I.K>oh of Eal- 
swinton, in Dumfriesshire. Several months were occupied in 
the construction of tho engine, to sea after which Mr. Taylor 
remained in town, while his patron and pupils returned to tho 
country. At length, to his joy, it was completed, and he pro¬ 
ceeded with Symington to Dalswinton, where, on tho 14th of 
October, 1788, tho great experiment was made. Tho event had 
. been noised abroad, however, and on that day the beautiful little 
lake which lies on Mr. Miller’s property was surroundod by a 
great crowd of spootators. The vessel built for tho purpose 
1 was a double one, and the engine, which was furnished with a 
four-inoh cylinder, was placed in a species of framework on tho 
dock, and tho experiment, which was ultimately destined to 
effect such a revolution in nantioal matters, proved a perfect 
success. Tho little vessel moved at the rate of five mUes an 
hour, and the connection between the engine and the poddies 
was free from iril elumsineas; while it also appeared that all 
dread from the introduotion of a furnace into a struoture so 
inflammable os a wooden ship oould be obviated. For several 
i days tho experiment was repeated, and thus the first steamship 
'• oontinuod to traverse in safety the little inland lake, to tho 
' wonder and delight of all who came to soo her; and a full 
Bcoonnt of his invention, or adaptation of stoaiii to seafaring 
ptirposes, was drawn up by Mr. Taylor and inserted in the 
Scot’s Magazine of tho following month. Before applying for 
a patent to protoot their joint invention, Moasrs. Taylor and 
Miller deemed it necessary to test it more fully, by its applica¬ 
te to a vessel of a larger size ; nud tho former, accomipanied 
by Symington, had one ooustruetod at tho Carron Foundry in 
the summer of 178!). This craft was of cunsiderablc dimensions, 
and hod an engine the cylinder of which was eighteen inches in 
diamoter. Winter drew near before she was completely fitted up 
and launched on tho Forth and Clyde Canal, in presenen of the 
Carron oommitteo of'management, and of all who wuro interested 
in the matter. 

. Tho steam was got up, and tho vossol moved smoothly for a 
oonsidetable distance beyond Look Sixteen; but on giving tho 
engine full play, the flat boards ot tho paddle-wheels, which 
had been too slenderly constructed, broke, and put an end to 
tho voyage. Ee-constructed on a stronger principle, she mode 
a second trip on the 26th of Dooomber, when she attained seven 
wiles per honr; and a full acooiint of the invention, written 
bv the future Lord Cullen for the Edinburgh newspapers of 
1790, brought it proimnently bofore the country as a new 
meoDs for extending inland navigation. Bat hero for a time 
the matter ended; for Mr. Miller became so deterred by tho 
excessive expense on one hand, and a neoeseity for improving 
his estate on the other, that he declined to proceed farther 


with the project. He was somewhat disappointed by the ex» 
trav^pwoe of the engineer, whoso expenses h^ gone tax bqyond 
his estimate; and Taylor was quite unable personally to pro¬ 
secute the scheme so auspioioasly oommanoed. Our Govemmwit 
ignored the inventor and the invention; and Mr. Ferguason, 
younger, of Craigdarrooh, pitying his Reappointment, sought, 
but in vain, to engage the interest of the Emi)erorof Austria on 
tho subject. 

The sudden indifforenoo of Mr. Miller, the attention of the 
public to the war of the Frenoh Bevolution, and the obscure 
position of Taylor, who was himself unable to do anything-—his 
pecuniary means being most limited—all combined to throw the 
steamboat into abeyance, and for several years it was forgotten 
by all bnt tho bold projector, who for some time was thankful 
to find employment in superintending the working of coal, lime, 
and other minerals on the estate of Earl of Dumfries. 

Elovon years after tho second steamer had been permitted 
to rot at the Carron, Symington, who had commenced business . 
at Falkirk, construoted a third, called tho Ihtndas, on tho old 
plan, and tried her on tho Forth and Clyde Canal; but tho 
company prevented her being set in motion again, as her 
poddies proved injurious to tlie banks; so sho, too, was laid up 
at Lock Sixteen, whore she lay forgotten for scvoral years more, 
though Lord Stanhope, in 1790, had been in communication 
with Mr. Rennio as to the best mode of applying this novel 
power, and in that year actually took out a patent for the 
propulsion of ships by steam. But his plan, though ingenious, 
was never put in efie^jt, his paddle.s being placed under the 
vesaeTe quarter, and made to open and shnt like the feet ot a 
duck. Symington was in treaty with the Duka of Bridgewater 
to introduce steam on his grace’s famous canal, and six boats 
on his supposed plan—utterly ignoring ])oor Taylor—wore 
ordered; but the duke's death caused the abandonment of tho 
scheme. Mr. Fulton from America, and Mr. Henry Boll from 
Dundee, now came to Oarron and inspected the Ihindas, and 
the result was that in 1807 the former gentleman launched a 
Btoam-vesBol on tho Hudson, nud in 1812 Mr. Bell placed 
another on tho Clyde, each being the first vessels of the kind 
used for public service in the new and old hemispheres. “ Thus, 
after all the primary difflcnltios of the invention hod been over¬ 
come—when the barque was ready, as it were, to start from the 
shore, and waited only for tlie master to give the vcord—did 
two individuals, altogether alien to the project, come in and 
appropriate the hononr of launching it into the open sea!” 

On finding that the credit of this important invention, whioh 
was his own undoubtedly, was now assigned to others, Taylor 
lost neither time nor opportnnity in assorting his claims. Ho 
urged Mr. Miller of Dalswinton to movo in the matter, bnt 
vrithont suocess. He kept his own name, however, before the 
publio eye, and on finding that Symington had aotnally soonred 
a patent, forced him into agreements of sharing tho profits, 
which, however, were never realised. Taylor’s pecuniary oir- 
cumstances woro far from prosperous, and when the mighty 
importanoe of steam navigation to the world at large became 
faUy established and understood, his friends urg^ that he 
should solioit some reward from Goveriunent. In 1824 a state- 
mont of his invention and his olaims was printed and addressed 
to Sir Henry Parnell, the ohoirman of a select oommittee of the 
House of Commons on steamboats, in tho humble hope that his 
narrative might procure him some remuneration in his old age, 
for the benefits he had oonforred on mankind in general and his 
country in particular; but poor Taylor prayed in vain. Not a 
penny was ever aooorded him. Broken in health, crushed and < 
soured by disappointments, and oppressed by penary, this' 
ingenious bnt oRortunato inventor dM on the 18th of Septem- ‘ 
her, 1825, when verging on his seventieth year.' ^ 

ANIMAL COMMERCIAL PRODUCT&—VL 

WOOL (continued). 

Mbbino wool is obtain^ from the migratory sheep of Spain, 
a breed which is distinguished from the British by bearing 
wool on the forehead and oheeks; the hems are large, pon¬ 
derous, and oonvolnted lateraUy; the wool is long, soft, and 
twisted into silky-lookibg spiral ringlets, and is very superior is 
its fineness and felting properties. Ita elosoneas asd a Inxn* 
I riant supply, from the glands of the skin, of yolk or natond ml. 
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wMdb aerreB to aowiah it and mats the flbrei together, render ' Thie celebrated breed is now reared in Saxony and in Au»- 
it an ezoellent natural defence against the extremes of heat and ‘ tralia, which has become one of the principal wool-growing 
cold. These migratory sheep, amoonting in Spain to 10,000,000, ; countries in the world. In 1404 Spain imported ew:3 and 
are led twice a year (in Apd and October) a journey of 400 ' rams from the Cotswold hills. 

miles, passing the summer in the pastnres on -the slopes of the The Cretan or Wallachian sheep, remarkable for the enormous 
Pyrenean mountains, and the wintw on the plains towards the deroloinnent and magnifloent formation of its horns, possesses 
south. : a fleece composed of a soft woolly under-coat, covered with and 

The word merino sigufies an overseer of pasture londe, and is | protected by long drooping hairs. The wool is extremely fine in 
applied to these sheep because in Spain they travel in detach- | quality, and is employed in the manufacture of warm cloaks, 
ments of 10,000 each, under the care of ffity ehepherds and as I which are largely used by the peasantry, and which are so thick 
many dogs, with a mayoral or chief shepherd at their head, ' and warm that they d<tfend the wearer against the bitterest 
and have a general right of pasturage all over the kingdom. ' cold to which man con be exposed. 



KXniNO BHSEP. 


'* Several of the sheep arc tamed and taught to obey tbo signals The chief countries which supply ns with sheep and lambs^ 
of the shepherds; these follow the leading shepherd (for there wool are Bnssia, Hanee Towns, Ar^ntine Confederation, British 
is no driving), and the rest quietly follow tiiom. The flocks possessions, Africa, British India, and Ansiralia. The quantity 
travel through the oonntry at tiie rate of eighteen to twenty including t^t of Africa, imported in 1867 was 233,703,184 lb. 
miles a day, bnt in open country, with good pasturage, more Iri- There are other ruminant animals from which the wools & 
surely. Much damage is done to the country over which these commerce are obtained besides the sheep. The following an 
immense flocks are passing; the free sheep-walk which the the chief of those:— 

landed propiietorB are forced to keep open interferes with en- Angor* €hMt (Capra Angorensin, llasselqnist).-—This animal 
closure and good husbandry; the commons, olsC', are so com- inhld)ita the mountains in ^e vicinity of Angora, in Asia Minor, 
pletely eaten down that the sheep of the neighbourhood are for In colour it is milk white; legs shert and black, horns spirally 
a tiiae half-starved. The sheep know os wdl as the shepherds twisted and spreading : the hair on the whole body is disposed 
when the proaessum has arrived at the end of its jonmey. In in long, pendnlons, spiral ringlets, and is highly valued in 
April tiieir migratory instinct renders them restless, and, if not Turkey, the finest and most costly Turkish robes being mann- 
guided, &ey set forth unattended to the cooler hills. In spite factored from the fleece, which is as soft and fine as ^k. It 
of the vigHance of the shepherds, great numbers often escape; was first brongbt into the markets ^ Europe under the name 
if not destroyed by the wolves, there is no danger of losing of mphair. Its exportation, unless in the shape of yam, was 
these stragglers, for they are found in thmr old pasture, quietly formerly'prohibited, bnt it is now allowed to he exported nn- 
awoiting the arrival of their oompaniona.” spun. Mohair is transmitted to England chiefly from Smyrna 
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a»d Constantinople It is manufactured into fine diawls, oam- 
lots, TolTeteens, plushes, braidings, deocratiTO laces, and trim¬ 
mings for gentlemen’s coats. The manufacture is principallj' 
conned on at Bradford and Norwich. In 1864, 4,737,330 lb, 
of mohair, ralaed at ,£650,101, were imported into the United 
Kingdom, 

£lo<^t {Oivpra TwVeus),—Tho costly and beautiful 
Caijimero shawls ore mode from the delicate downy wool found 
about the roots of the hair of this animal, which inhabits tho 
high table-lands of Thibet, whore these shawls arc monufooturod, 
T^se Oriental fabrics are woven by very slow processes, and are 
therefore very expensive, being sold in Paris at from 4,000 to 
10,000 francs o-piece, and in London at from, £100 to £400, 
“ The wool is spun by women, and afterwards coloured, A fine 
shawl, with a pattern all over it, takes nearly a year in making. 
The persons employed sit on a bench at the frame—sometimes 
four people at each; but if the shawl is a plain one, only two. 
The borders are worked with wmidou noodles, there being a 
separate noodle for each colour, and the rough part of the shawl 
is uppermost whilst it is in progress ef manufooturo.” To 
tho people of Cashmere this mauafaeturo is very important; 
about 16,000 looms are continually at work, each one giving 
employment to three men. The annual aoJo l^oro is calculated 
at 80,000 shawls. 

It has long boon the aim of European nations, on acoount of 
the beauty and value of these shawls, to imitate them, if possi¬ 
ble, and apply to their manufacture the more speedy and elabo¬ 
rate methods which modem science has placed within unr rcaoh. 
The French have been most successful, and shawls are now pro- 
'Inoed at Paris, Lyons, and Nisiucs, known in oommerce os French 
codimoro, which closely approximate in stuff and stylo of work 
to the Oriental, while much lower in price, although still costly. 
Norwich, Bristol, Paisley, and Edinburgh have also manufac¬ 
tured very good imitations of those shawls. The Cashmere 
wool imported for this purpose comes into Europe through 
ICasan, on tho eastern bonk of tho Volga, and also directly from 
India and Persia. 

Tho quantity of goats’ hair or wool imported in 1867 was 
2,648,360 lb.; tho imports of the same material manufactured 
wore of the value of £127,003. 

Alpaca (Llama I’acos, Gray).—Tho llamas may be regarded 
as CEe'cAmels of ijoath America, to which tribo of animals they 
belong. They inhabit tho slopes of tho Peruvian Andes, and 
the mountains of Chili, keeping together in herds of from 100 
to 200; and never drinking when they have a sufficiency of 
green herbage. The alpaca is about tho size of a full-grown 
door, and very graceful in appoaranoo. Its fleece is superior to 
that of the sheep in length and softness, spins easily, and yields 
an oven, strung, and true thread. Pizarro found this animal 
used os a boast of burden, and its wool employed for clothing 
by tho natives of that country. 

Alpaca wool arrives in this country in small boles, called bal¬ 
lots, weighing about 70 lb., and generally in a very dirty state, 
ft is sorted into eight difforont varieties, each fitted for a par- 
tienlar olass of goods, and then washed and combed by ma¬ 
chinery. The principal articles manufactured from it consist 
of alpaca lustres, fancy alpacas, and alpaca mixtures. Nearly 
all the alpaca wool imported into England is worked up in 
tbs Bradford district. In 1863 our imports from Pern wore 
2,772,836 lb.: from Now Granada, 622,889 lb.; aud from other 
places ia South America, C,BS7 lb. 

!nte JAama vicuna and L. guanaeo, other 8pocIo.>i of these 
eaimals fnhabiting the same tegions, yield fine luiir, but at 
present of little commercial value. 

In 1867 wo imported 233,703,184 lb. of wool (sheep, lamb, 
and alpaca) from Europe, ^uth America, South Africa, the 
Xkst Bidiei, and Australia. Our exports of wool in 1867, 
to foreign oountriee and our colonial possessions, amounted to 
90,832,584 lb. 

Tho best wool is g rown in Germany, which annually produces 
67,200,000 lb. The finest kind passes in commerce under the 
name lA “ eleotorid wool.” Next to Germany, Australia ranks 
in importaaoe aa a wool-growing country; t^ merino breed of 
■keep has been introdno^ there with nnennplsd euooesa. In 
1807 the first importation at Anetraliaa merino wool was re- 
eshred in England, amounting to only 245 lb. It fans now 
grown to n a t i onal importanoe, amoonting in ISSi to 36,000,000 
lb., nlned at £2,000,000 aterlihg. PrcAably a more extensive 


and instructive collection of wools was nsvsr brought togather 
than that contributed to the Great Exhibition of 1851, in this 
conntry; showing, in a remarkable manner, the extent to whicfii 
wool-bearing ruminants have been fostered by man, their wide 
geogtaphiool difihsion, and the influeuoe of climate in modifying 
the characters of their fleeces. Samples of wool were there for 
inspection and oomparison, from Chinese Tartary, Thibet, and 
India in the East, to the lately redeemed tracts of the United 
States in the for West; aud from Iceland and Scandinavia to 
the Cape of Good Hope and Australia. 

Although Europe now surpasses Oriental nations in the 
artistic working of ootton and silk, yet tlio same cannot bo 
said of the manufacture of shawls and carpets; for, besides tho 
Cashmere sliawls mode at Kashmir, in the kingdom of Lahore in 
Thibet, and also at Delhi in British India, carpets of peculiar 
aud unequalled beauty still come exclusively from Persia and' 


tho Levant. 


VI.—LEATHER. 


Leather is an animal’a skin chemically changed by the process 
called tanning. Tho skin is prevented from putrefying, and 
rendered comparatively impervious to water, by tlio vegetable 
astringent, tannin, found in the bark, fruit, and loaves of 
variou.s plants; this uniting with tho gelatine of the skin, forms 
a tannate of gelatine. Thu skin, thus changed, was called by 
our Saxon ancestors “ lith,” “lithe,” or “lither”—that is, soft 
or yielding, whence our term “ leather.” 

The skins are first cleansed from hair and cuticle, by being 
soaked for sevorol days in a pit of lime water ; this loosens tho 
hair and cuticle, so that it ia easily scraped off with a oiuwcd 
knife, ui>on a half cylinder of wood, called a beam. 'J’lio hair 
thus removed is sold to plastorurs, who use it in their mortar. 
The skins are now steepoil for a few days in a sour liquor of fer¬ 
mented rye or barley, or in weak sulphurio acid. By this pro- 
ocas, callod “ tho raising,’’ the pores are distended and rendered 
more susceptiblo of the action of the tan. Tho skins are then 
put into the tan-pit, in alternate layers, with crushed oak bark, 
valonia, catechu, dividivi, and other vegetable astringents, and 
the pit ia filled with w.ater. As tho tannin is taken up by the 
skins, it becomes necessary to empty tho tan-pit, and odd fresh 
supplies of tanning m<aterjal and water. Tho time required to 
tan tho skins, or transform them to Icathor, depends on their 
thickness and other circumstances, and varies from foiur months 
to two years. When fully tanned, the leather, if cut through, 
. is of a uniform brown colour—anything like a white streak in 
the coutro showing incomplotencss in the process. It ia now 
strotohod upon a convex piece of wood callod a “horse,’’ beaten 
and smoothed, or passed between cylinders to make it more 
solid and supple, aud lastly, dried by suspension in an airy 
covered building. 

Tanned leather often undergoes the further operation of 
currying, or impregnation with oil. Leather, prepared as 
already described, when it is received by the ouTrieT is by him 
rendered smooth, shining, and pliable, so aa to make it suitable 
for the purposes of the shoemaker, coachmaker, saddler, and 
homoss-makor. First, it is soaked in water to render it pliable, 
then stretched upon the beam and shaved smooth with a knife, 
next rubbed with a polishing stone, and while still wet besmeared 
with a mixture of fish-oil and tallow, and hung up in a loft to 
dry. As it dries, the water only evaporates, the oil ponetmt- 
ing the pores of tho leather. The grain, or hair side, is then 
blackened with eopperoa water, or sulphate of iron in solution, 
the iron uniting with the gallic acid of the tan, and prodnoing 
an inky dye, or a gaUate of iron. Leather so prepared is 
I chiefly used for the uppers of ladies’ shoes. Leather for the 
uppers of men’s boots and shoes is blackened on the flesh aide, 
or waxed, aa it is termed, with lampblaok anS oil, which le 
rubbed in with a hard hmsh. The thiolc leather for the soles of 
boots and shoes is simply tanned without being curried. 

Bnt leather can be made without tannic aoid. Skins may 
bo preserved by moans of alum and salt, and leather so mode h 
o^ed in the tnde “tawed leather,” and is quite as durable and 
much softer. Gloves are usually made from tawed leather. 
Skins intended to be tawed pass through a aeries of preliminary 
operations, resembling those by which akane are made ready for 
tanning (the nae of ordniee is, however, indiapensable). They 
are then immersed in a eoktion of alnm and salt, to wdiudi, f^ 
the auperiot Idnda of leather, flour and yoQc of eggs are added, 
'lliay axe next dried in a smoothed with a warn iron, and 
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thon loftensd on a stake, when they are dyed of varionB coloun 
for gloves and lakes’ boots. The French are skilled in this 
art At Annonay, a town about fifty miles from Lyons, tawing 
operationB are carried on so largely, that 4,000,000 kid-skins 
are dressed there annually. It has been computed that Franco 
and England consume 6,000,000 eggs yearly in preparing kid 
.leather. These eggs are kept .in lime-water by tho leather 
'lUdresser, to preserve them until they ore wanted. The average 
qgAntity of leather gloves annually made in the United King- 
<lom has been estimated at 12,000,000 pairs. We imiioit also 
largely from Prance. In 1867, 10,893,780 pairs were received 
from that country. The importa of tanned and untanned hides 
in 186? were 975,168 owt. 

The leathers known in commerce as chamois and Ivff 
leather ore prepared much in the same way as tanned and 
' tawed leather, only that oil is sabstitutod for the alum and 
tannic acid. The skin of tho chamois is not always used ; more 
frequently sheep and doe skin. Wash leather is un example of 
this kind of preparation. 

Russia leather, the smell of which is so agreeable, is pre¬ 
pared in the usual way, thon tanned with the bark of the 
wQlows (Salve einerea and Salix cajrroea), and afterwards curried 
with the ompyreumatic oU from the bark of the birch tree, 
which imparts to it its peculiar odour. M. Chovroul, who in¬ 
vestigated the chemical nature of this odoriferous substance, 
called it hetuline. 

Morocco leather of the finer qualities is mode from goat¬ 
skin's tanned witli sumach, and inferior morocco, or roan, from 
shoop-skins. Tho hair wool, and grease *nro removed as usual, 
and the skin, thoroughly cleansed, is reduced to tho state of 
simple membrane, collud pelt. Each skin is then sown by its 
edges into tho form of u bag, the grain, or hair side, being out¬ 
wards. A strong solution of sumach having been pnt into the 
bag, it is distended with air like a blown bladder, and the aper¬ 
ture tied up. Aljout fifty of these skins, so distended, are 
thrown into a tub containing a warm solution of sumach—^thu 
tanning liquor—in which they are allowed to float. In a fow 
hours they are tanned, removed from the bath, the sowing is 
then undone, and tlioy are soraped and hung up in the drying 
loft. Bod morocco leather derives its colour from cochineal, 
which, boiled in water with a little alum, forms a red liquor, in 
which fh^fikins are immersed before being put into tho sumach 
bath. In the case of block morocco, tho skins arc sumached 
without any previous dyeing, and tho block colour is given 
by applying with a brush, to the grain side, a solution of red 
acetate of iron ; blue is communicated by indigo ; puce colour 
by logwood, with a littlo alum; green is derived from Saxon 
hlno, followed by a yellow dye mado from tho chopped roots of 
the barberry: and for olivo, tho skins are first immersed in a 
weak aolntion of green vitriol, and thon in a decoction of bar¬ 
berry root, containing a littlo Saxon blue. 

Tho thickest and most substantial leather now in general use 
is that made from tho hides of tho wild horses found tliroughont 
the pampas in South Amorica. It is employed for the soles of 
hoots and shoos, harnoss, saddlory, leather trunks, hose for firo- 
engines, pump-valves, military gloves and bolts. Deer-skins are 
used for tho finer kinds of moroooo leatlier, and for bookbinding. 
Oalf-skinB, tawod, arc used by bookbinders ; tannod and ourried, 
by boot and shoemakers. Sheep-skins, simply tanned, are em¬ 
ployed tor inferior bookbinding,,for leathering bellows, and other 
pnriioses where a cheap leather is required. Morocco leather is 
used for ooach linings, for covering ohaira and sofas, bookbind- 
ing, pooket-books, etc. A thin leather, called sMver, is used tor 
hat linings. There is an immense demand for tUn leathers, 
and maohinery for this purpose is now conatmoted sdth such 
aoouaey that tt will split a sheep-skin into three parts. The 
grain side of tho skin is then need for skiver, the middle for 
vellam and parchment, and the flesh side is tranatened to the 
ghu maker. On parohment we inscribe our deeds, and on 
■. -rdlmn all our State documents. 

The leather manttfaeture of Great Britain is of great import- 
aaoe^and rsnks next in valne and extent to those of cotton, 
wool, and iron. oensus of 1851 showed that 350,000 
persons were engaged in the different bianehes of the leather 
maaofaotnTe, and its entire annual value has been computed at 
more than i620,QQ0,000 sterling, the leather for boots and shoes 
atom, beiiig valasd at ^12,000,000. Most of the leather made 
in the kingdom, and the aztulas maanfaotared from it, are and 


at home. Our exports are, however, considerable, and in 1807 
were as follows:— 


Taniisd unwiought. 4.3,584 cwi. 

Boots and shoes.3,281,883 pain. 

Saddlery and hamsss .... - 

'Wrought leather of other sorts . 1,176,146 lb. 

The Anstialian colonies are the great purriiasers of these 
goods. 


Talus. 
41428,268 
950,784 
920,47S 
258,641 



PRINCIPLES OF DESIGN.—IV. 

By CHEisioPBEa Bbxsssb, Fh.D., F.L.S, etc. 
EMFLOTMIiNT OF THK OBOTEBQUX IN OBNAUKNT. 

OME other piinoipleB of 
a leas noble character 
than those which wo 
have already noticed as 
entering into ornament 
yet remain to be men¬ 
tioned. Man will be 
amused as well as in- 
stmeted; he must be 
pleased as well as on- 
nobled by what ho sees. 
I hold it is a 
first principle 
that ornamen¬ 
tation, as a tme 
fine art, can 
administer to 
man in all bis 

t varying moods, 
and under ail 
phases of feel¬ 
ing. Decora¬ 
tion, if properly 
nndorstood, 
would at onoe 
be seen to be a 
liigh art in the 
tmest sense of 
the word, as it 

can teach, elevate, refine, induce lofty aspirations, and allay 
sorrows; but wo have now to notice it as a fine art, administer¬ 
ing to man in his various moods, rather than as tho bondmaid 
to religion or morals. . 

Humour sooms to he as much an attribnto of our natnro as 
love, and, like it, varies in intonsity with different individuals. 
There are few in whom thoro is not an amount of humoor, and 
•in some this ono quality predominates over all others. It not 
unfrequontly happens that men who aro great thinkers ate also 
groat humorists—groat talent and groat humour being often 
combined in the one individual. 

The feeling for hnmour w ministered to in ornament by the 
grotesque, and the grotesque occurs as the work of almost all 
ages and all peoples. Tho ancient Egyptians employed it, so 
did the Assyrians, the Greeks, and tho Bomans; but none at 
those nations used it to tho extent of the artists of tho Celtic, 
Byzantine, and the “ Gothic” periods. Hideous “ evil spmta” 
ooonrred on the outside of almost every sacred Christian 
edifice at one time, and much of tho Celtic ornament produced 
by the early monks oonsistod of on anastomosis, or network of 
often grotesque creatures. 

The old Irish crosses wore enriched with this tod of orna¬ 
mentation,* and some of these dooorative embelliskments are 
of extrooi^nory interest; but those who havo_ aeoess to the 
beantifol work of Professor Westwood on Celtic monnsoripts 
will there see this grotesque form of ornament to psKfeotion. 
As regards the Eastern nations, while nearly all hove employed 
the grotesque as an element of decorative wt, the Chinaae and 
Japanese have employed it most largely, and for it they manifest 
a most decided partiality. The drawings of dragons, oelaatial 
lions (always spotted), mythical birds, beasts, fishes, inseota, 

* Caria of ana or two ot these oea be seen in the oentnl transept 
of tbs Ciystil Fslaee st Sydenham. 
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■ad oilier eappoced ialialnfeaate of the ElyeSsa pleiae wUtdi 
thtM peoples prodnoe, ere most iateresting sad extraordinsiy. 

Wi^oat ia say goiag into ■ hist^ of the grotesque, 
kt ns look si tits olisnioteristio Tonas wMoh it has assamed, 
aad what is necessary to its 
euooessful preduotion. We 

hare said that the grotesque \ 

ia amameat is the analo^e f \ (<tn| 

of fattmoor in literature. nBqjfflL-'s” W \ i 

This is &e ease; but the 

grotesque aiey represent the ^ 

tfuly horrible or repellaat, t 1 IjW [H|y t k 

aad he simply repulsire. Im j 

■niis form is so seldom re- 

qnired in omamention ,that 1 

I shall not dwell upon it, |h(^||m||||n 

a^ when required it should 1 

mWays be assooiated with [{11 ill/ I / 

power; for if the horrible is {[—— y~~“ y i [ ^ 

feeble it oannot be oorreo- W IHTMTHHfe 1 

tire, but only rerolting, pHlJJl^ 1 If 

like a miserable deform^ fjtfU ^ - 

I think that it may be k 

taken as a prineiple, that 

the further t^ grotesque is [ i W (WjLl 

removed from an imitation f ^ f / I ^ -urtm* 

of a natural object tho \f a _ Iv V®’' . «I hi ^ jllll 

better it is, provid^ that it 

be energetic aad vigorous 

—lifelike. Nothing ia worse than a feeble joke, 

unless it be a feeble grotesque. The amusing a 

must appear to bo earnest. /W 

In ooujunoidon with this chapter we engrave a N C 

aeries of grotesqnes, with the view of illustrating ! : 

my meaning, and I would fain give more, but my ; 

space will not permit me to do so. ; 

The initial letter at tho commencement of this I ! 

lesson is a Celtic letter S, formed of a bird. It is ; 

quaint aad interesting, and ia suffloiently unlike 5 r 

a living creature to avoid giving any sense of | ( 

jmin to the beholder, while it is ‘yet in a most ^ 

u^piatnml position. It is, in truth, rather an 
ornament than a copy of a bird, yet it is so 
euggeetive sa to call forth the thought of one jUM 

of the “feathered tribe." It should be noticed, 
in oonneotitn wth this figure, that the inter- JjKKm 
stioee between certain portions of the oreatnre 
are filled by a knot. Ibis ia well—^the whole 
tiling being an oiuamont, and not a 
aatualistio representation. 

Kg. 11 is a Siameao grotesque Kg. 11. 
head, and a fine sample it is of the 
eackraa form of ornament which it 
rep c e e e nte. Hark, it is in no way 
a «oi 7 of a hnman head, but ia a 
true ornament, with its parts so . i 
aitanged as to call up the idea of a 
fbea, and nothing more. Notice 
the volutes forming tho chin; the 
g r ttt asqn e , yet highly ornamental, 

Unas forming the mouth and tho 
upper boundary of the forehead, BBBP 
and the flaml^anant ears: the 
whole thing is worthy of the most 

S1g« 18 is a Qothio foliated face; i 

but l»re w« have features wbieh 
ore much too natnralietio. We 
have. Indeed, only a hidecua human 
f^ wHh a marginal ocensoeDoe 
** J®***8®. This is a type to be 


Kg. 11, 


Rg. 12. 


la order that I may convey to the reader a fuller idea of 
my viewe reepeoting the grotesque than I ethenriae could, 
I have sketched one or two original illortcationa—FigJ 14 
being suggestive of a faoe, Kg. IS of a skeletoa (dd 

bogey), and Fig. 16 cd 4U 

S |pOTP^jn!jl|]MI/^ip®iF^ impoasible animal. Tl^ 

- J are utentionally Ut firom 
IW 1 l llW indtetive. If natnralietio 

0 1 ) weold awaken a aenaa 

O'/ 0."' ttil' ^ K«n, aa they are oon- 

torM into ouriene pooi* 

I tions, uhereaa that which 

ili ii induces no thought of life 

1 or feeling induces no aenae 

of pain. 

i Of dl grotMqnea with 
L 'iUlU n|hij]] which I am acquainted, the 

I ^ dragons of the OhinMe aad 

Japanese sre those whioh 
/nihitlk Jit represent a oombination of 

*11 ™ power, vigour, energy, and 

V—'lli peeeion most felly. 

j is te be acoonnt^ for by 

V the fact that these people 

i are believers in dragras. 

— 9 J When the son or moon is 

^ LT ( MIF ecUpsed they beUeve that 

monster which they give 
^ form to in the dragon, and upon the oocurrenoe 

A of such a jihenomenon they oome with cans and 

kettles to make rough music, and thus cause the 
V monster to disgorge tho luminary, the brilliancy 

1 I sll which it would otherwise have for ever extin- 

1 ^ 3ll gnished. 1 can imagine a believer in dragons 

S ^ 3|| drawing those monsters with the power and spirit 

S ' H that the Chinese and Japanese do; but 1 can 

A I sooroely fancy that a disbeliever oodd do so—a 

Q ^ n man’s very nature must be saturated with a belief 

£ ^ i fe their existence and mischievous power, in order 

B ^ L I that he may embody in his delineation sudh ex- 

n ’Ira pressions of the assumed character of this ima- 

SgCTl ginary creature as do tho Chinese and Japanese.* 

mBu. Although I am not now conradering the atruc- 

1bK|Q^ tore of objects, I may say that the grotesque 

wSHk should frequently be used where we meet with 

naturoUstio imitatione. We not unfrequontly 
mSSBit ^ figure, naturally imitated, placed as 

a support to a superinoumbent 
aESGMk weight—a female figure as an arohi- 

teotorol pillar bearing the weight 
BiflBSaBw MWt of the entablature above, man 

oroudied into the most painful 
SBBBPjlHDra positions supporting the bowl of 

some colossal fountain. Natural- 
iatic figures in sueh positions an 
simply revolting, however perfect 
** works 61 soriptue. If weighfe 
^ ^ supported by that whudi 
^ * resemblauae to a living CMa- 
of any kind, ihe ewahlaiiefr 
‘WiBw ahonld only be suggeatedi and the 
more unreal and woodeny (if I may 
make auoh a word) the aapport,if 
iJBr posaesaing tiie qnaintaaaa a^ 
i mHf humour ^ a true grotesque, tii» 

businees rf tiie 
ornamentist to produoe that iriiiob 
eball Induce the feelfeg of omi- 
tinned pain, unless thsie la soon 


I a « — ,. -- IMiaumsA aaeaewum mHwus mm mwssau 

it is not dron, luxrqnaiiit; but is rimply unpleaaaat | noaptionolraoson for Ua ao difingrand anefaareammla c<me 

ooMunfmoa. 


I ooovntsioOs 

Jfw* Ik wHh the of Ute groteaijaeB of the 

ia mofflfle d fcem on fe Obl^s • I have met with maor fins fepsnssa and Chlam fteWaqaSa it 

“ i a4 go e4 typ% ba^ tch^ onaneBtal, and yet wasaboaaa d Hr. Ooeda, of M. King Wiaiam white 

anoelenuy seggeattve. taatsinlaporthif thsaetbiagaiagMat 
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WEA.lK)lrB OF WAR.--IIt 
BT jot omcsB or mm sor/j, Avrwaxx, 

. . OtfOTO-WDEB. 

Tb* poWdw .a*ad f<^ the charges of small aema -neaeBtarify 
iaflUBBoeS' iia vft gnat dcgtw tiiio efficieiK^ of the vsapons. 
Then. M igir Alnwtioa is which English artilleiTmen hare 
labotigad so ffaHenoiaedly, and, on the whole, sncoessfally, as 
in direction of the improvement of thie powder for gnns 
Mjns. For the moment wo are engaged with smaQ 
amM only; bnt it will, perhaps, be convenient U we deal with 
tlu» aubjeot of powder as a whole, .and take this occasion to 
spaiak generally of different descriptions of gunpowder in 
nagin the British service. 

Qtmpowder, as all the world knows, is an intimate mixture of 
sidtpotre, sulphur, and oharcool. 

Ime proportions of the ingredients differ in various countries. 
llw following table, extracted from Captain Gbodeuough’s 
“ Notes on Ounpowder, Prepared for the Use of the Gentlemen 
Cadets," shows the rates, or per-oentago, of the several ingre- 
dients in the powder of different countries 






Soltp^ire. 

Bnipitur. 

OhBrt'oti 

England (Oovomment powder) 
?»noe 1 

• 

75 

10 

IS 

Pvttitift • > 

United States j 

• 

• 

■ 

75 

12-S 

12-5 

BtHnda . 




7378 

12-63 

13-50 

Anstrie 




76- 

12-5 

ll'S 

Sptin . 



, 

76-17 

12-75 

10-78 

Swsdnn 




75 

16 

9 

Chhm . 



• 

75 

14-4 

9-6 

Siritserland . 




76 

14 

10 


Englieh powder has long held almost undisputed supremacy 
as to oxeeUenoe of quality and strength. The purity of the 
ingredients employed, and the elaborate oare whiob ie bestowed 
upon all the prooessss of manufacture, result in the production 
of au explosive and propellant agent of great power. Indeed, 
the ohief ohjeotion to the English powder has been that it is too 
strong. We believe that we may safely affirm that there is no 
powder in the world equal to that which is produced at the 
Government mills at Waltham Abbey, unless it bo the powder 
which is turned out foom the mills of some of the leading 
English makers, aueh as Curtis and Harvey, Hall and Sons, 
and others. 

^e aotioB of gunpowder is due to the almost instantaneous 
deeomposition of the saltpetre by the charcoal, the latter being 
burned by the oxygen of tbo saltpetre, with which it combines 
in the act of bunting to form oarbonio acid gas. At the same 
time the oxygen in the saltpetre beeomes separated from the 
nitrogen with whidi it was oombinod. 

The explosive foroe of gunpowder is mainly duo to the sadden 
ovulation at a high temperature of tlioso two gases—carbonic 
aeid and nitrogen. In this action, it will be obaorvod, the 
ag]{ikar plays apparently'no part. Indeed, it is a foot that 
gwtiwsrder may be made without sulphur at all; but the ex- 
plosive foroe. of a mixture of saltpetre and oharouol is com- 
pantively feeble, because the evolution of the gases in snob a 
ntixtete is very alow, and the temperature of tlie gases, and 
tiw consequent expansion, relatively small. Sulphur, tlierefore, 
wUab ignites at a much lower tomporature than either of the 
othtf two ingredients, is added to render the aotion more rapid, 
and, by raising the tompersture of the gases, to increase their 
es(aaiive powsn Stdphnr also inoresses the volume of the gas, 
by oomblltiiv vrith the potoarium in the saltpetre, and so 
Ubscating tiw wygrtit 'Sdtii which that potassium was combined, 
the libe»tsd'«xyy«A baooming available fm; the buxnfaag of tim 
dhareoak 

It is to tits p t sSMwe of tiie sulphur that we owe the white 
easokt and tiueiolid s eri dns ^ fitM goupowdoi. The smoke 
aad tesidne a^.dfaieSy sslpluts of potsssa. (SlJSO^ and ear- 
bfs t a of {MdaMa.fK^CCyiy^teBidtisg.foim the comoinatitm of 
timka^hur Witt the pakaamm. of tim sulphide of potss- 
otaim is oatrisd % tta. ascwtt»t-'dPWk< vhen it oatdhn Are 
at 41 >k^**‘I(*Bdag iaah.aiidjntpke; .that portion of it which 
i«i^i|iltn9adentlttnAMtlnJht.(iin3h . 

' a-olMmtaW>tnd|M4ar .att’,1^ 

zaishig a tingle grtin of the powder to a tempoatnie of about 


600^, whiob is about th« tetuperature at which tte snlidiur 
sublimes. When one grain is ignited, the resulting gases are 
transmitted by their own ezpemaive power through ^e inter* 
stioes, igniting other groins, and finaUy consuming the'whctie 
charge. From this it follows that the ignition of a dhasga iti 
g^powdcr is not necessorily-t-indeed, it is not under any tir^ 
cumstances—really instantaneous. Gunpowder, in fact, batlUh 
bnir the combuBtfon generally.' takes plaice at so great U Sate 
that it practically amounts to instantaneous ignitioo. 
oonsideration brings us to a very important branoh of 'ow 
subject. 

Those who have followed ns thus far will have recognised 
that the explosive foroe of gunpowder is not determined clone 
by the amount of gas developed. It depends upon three main 
causes; the amount of gas developed; the heat evolved, by 
which the expansion of the gases is inflnenood ; and the'rspiditsr 
with which the gascS are produced. As to the first two points, 
we have said all that is necessary for the purposes of the 
present paper. As to the third point, it is clear that it 
the rapidity of the inflammation of the charge depend, ccsterit 
paribus, upon the rapidity with whiob each grain sueoessively 
becomes ignited and consumed, it is possible largely to influ¬ 
ence the action of the powder by altering the size and shape ‘ 
the grains. 

Thus, for example, to put an extreme ease:—If the powder 
were not disposed in grains at all, but existed in the form of 
a solid mass like what is technically known as press cake " 
the inflammation of ^ho mass would bo very slow indeed; 
the flame applied to one portion would flash over the whole 
aurfoee, and then proceed to consume the mass from outside to 
within, burning it slowly away in successive layers. If the 
mass, however, be broken up into an infinite number of small 
partioles, the effect is to open a largo number of passages 
through which the gases at once rush, thus practically igniting 
each grain in the same instant of time; and in proportion as 
the individual grains are of a size and shape which permit of 
their being readily consumed, so will the burning of the whole 
mass of powder, and consequently its oonversiou into gases, be 
rapidly effected. 

Hero we have the two extremes—of slow and rapid ignition; 
extremes which are susceptible of modification at will, and 
between which lie the various applications which the artiUerist 
makes use of. In short, it comes to this, that the action of 
gunpowder can bo largely influonevd by mechanical means, and 
without prejudice to its chemical character. Of course, the 
chcmiosl eharactor can be influenced by a change in the propor¬ 
tion of the ingredients, in their purity, in their mode of manu- 
faotnro, etc.; butobviontiy the bdtter coarse is first todiaoover, 
by theory and practice, the best ohemicol oonstitution for gun¬ 
powder—that oonstitution which is capable of producing the 
maximum results from the three ingredients of whioh gun¬ 
powder is composed—and then to seek moohaitioally to control 
the violence or rapidity of the action. In practice, this is what 
we do in England, and- the field of experimental inquiry thiu 
opened out is exceedingly wide. 

One interesting application of this theory is that whioh 
was proposed by Mr. Gale, the well-known experimentist, 
Plymoutik. Mr. Gale, following—slthough perhaps tinoOA- 
soioutiy—^the steps of tite Frenoh artillerist, Fiobe(r^ and ttose 
of the Bussiaa ohemiat, Fsddieff, filled up timinterstioeatff gi^ 
powder with an inexplosive snbsisaoe, suoh as finely-poiK^ittl 
glass, and in this way, by outting off O ommunl ctttion beniVMI 
one grain and another, m^e the powder shsolnttiy inea^tidtivA 
Mr. Gale proposed to dilute all powder in store with the groonA* 
gloss: and when required for use to sift out the gtsM, whea ti^ 
powder would resume its natural explosivsneBB. ^sidsa-sMI 
ingenious, but it was open to sutny pnotissl ohjeotieu, whltt* 
in spite rf the snoosss tiiat, oa titi'vihflle, attmded tte ibriy 
series of costly experiments witieh wsTs mo^ ultiBiattiy wttpi* 
mined tiie rejection of the propotitipB, oltimi^ at 
had appeared to ha faasflale enesMtt* 

More naefti advmitsge is tefcan oE the iaetthat tiie.«i 9 lod«iB 
Thtianoe tiC goafpowdtteeitlw xeedS^MiilrtibAI^.BtettHtitid 
meatM, ia eoaneptimi wiiihttAadajpti<nr, totfaedtibMrfttttMMit 
of 'fira-iams, of the powde^ most suited to tiNBk'’ 
tiiacge. tiienii^.«c thawM^nnttMd to bt detti'titA 'tt W W l i ij p* 
tioa of the tiw fte^Bawa' rthtilpt li tt 

whioh mtinly uBneaeb tlio dwenafaiatioa of the mott snituk 
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powder. A few words upon eaoh of these points in suooesBion 
w»,y be nsefnl. 

1. Tf^ tine o/ the charge. —^It might be hastily assnmed tiiat 
the sise of the charge could not have much influence upon the 
nature of the combustion, and therefore could i^pt affect the 
selection of the powder for particular arms. The popular notion 
would irrobably be—that if a powder, of a particular size and 
form of grain and density, bum quicker than another powder in 
any fire-arm, it must bum quicker in aU arms. And this argu¬ 
ment would probably go forward to the oonclnsion that fine- 
grain powder must, under all oircamstanoes, bum quicker than 
large grain. Both these opinions would he erroneous. The 
ra^dity of action of gunpowder depends upon (a) the rate of 
burning of each groin, called the “Telocity of combustion;’’ 
and (b) the rate at which the grains snocessiTely become ignited, 
called the “ Telocity of ignition.” In the case of on open train of 
powder, the Tolocity of igidtion is independent of the interstices 
between the grains—^the flash traTols oTor and along the train, 
not through it. So also with small enclosed charges. When 
the distance which the flame has to traverse is inconsiderable, 
the Telocity of ignition is an element of subordinate importance 
to the velocity of combustion. In tho case of very large 
charges, however, it is otliorwiso : the velocity of ignition then 
becomes a more importont element. Consequently, according 
to the size of tho charge, those oluments which favour velocity 
of ignition will have a varying importance, and thus it is 
impossible to predicate from the size and shape of the grain 
—^which are tho elements that mainly influence tho velocity 
of ignition—^whetlier a certain powder ^1 bo quick or slow. 
Other conditions being the same, a fino-groin powder will 
generally bum quicker than a large groin, except in very large 
oborges, where a very fine-grain powder will not bum so 
quickly as the same powdor disposed in larger pieces. 

2. The nature of the work to be done boars, of course, directly 
upon the selection of powder. Tims, in a smooth-bore musket 
the chief point is rapidity of action; while, with rifled small 
arms, regularity of combustion and uniformity of action oru of 
greater importance. Induud, a very quick powder is unsuited 
for rifled small arms. In the case of an expanding bullet, such 
as is used in the Enfield rifle, and which was described in our 
last paper, it is desirable to make the pressure upon the plug as 
Uitle of a blow as possible; hcnco a comparatively slow' action 
is preferred. And in the case of arms firing nuu-cxpaiiding 
bullots, suoh as the Martini-Henry—which will presently be 
described—too rapid a powder, by escaping over the bullet, 
tends to causo fouling. 'J’liereforo, wo find that tho powder 
which was used for the old smooth-bore arms, and which was 
known as “ flue grain,” was of a size to bo retained upon a 
sieve of 30 moshes to the inch, and to pass through one of 
16 moshes. The powder used for tho Enfield rifio is of a size to 
bo retained upon a sieve of 20 meshos to tho inch, and to pass 
througta cne of 12 meshos. Tho powder lor the Enfield rifle is, 
however, different from tho old smooth-boro powder in other 
respects than size of groin. It is made with dogwood instead of 
aldin: charcoal, tho ingredients are more thoroughly incorporated, 
the density is rather loss, and the grains are more rounded, 
more uniform in form, and more highly glazed. Again, as on 
example of the adaptation of powder to tlie work to bo done, 
may be instanced tho use of an exceedingly quiek powder for 
the bursting charges of Shrapnel shell, where the powder is 
required to effect the rupture of the shell and the’ release of the 
bullets as instantaneously os possible, so os to diminish tho 
pobsibilily of the charge acting upon the balls. Finally, in tho 
case of ail rifled guns, it is neocssaiy to select os uniform a 
powder as possible, and for rifled guns a speoial powder has 
generally bwn employed. 

8. T?i« reduction ^ the strain upon the weapon. —When wo 
have *10 deal with large guns, wo are met by the third 
oonsideration which we have named, viz., the importance 
' o(. reducing the strain upon the gun ^ as much as possible. 
In the nse of small arms this consideration may be ignored. 
The strength of tiie barrel is largely in oxoess of what is 
reqaisite to resist the explosion of the regulated ohargo of 
gunpowder, however rapid in its action; and the same holds 
good with regard to field-guns and guns of moderate calibre. 
But it is far different when psaidng from weapons whiah fire 
onilj 70 or 80 grains of powder, or guns whioh fire only a 
few pounds, we get among ^ weapons which oonsume 40, 60, 


and 100 pounds of powder at each discharge. The great 35-tou 
gun now building is intended to fixe 120 pounds of powder— 
about a barrel and a quarter. With such charges as these it 
is neoessaiy to modify the action as much os possible; it is 
desirable at the same time to do this without diminishing tiis 
power of the gun by any reduction in the strength of the powdmr. 
This is a problem wMch has eaoh year become of increasing 
importance, as the guns and charges have become larger and the 
strain more severe. It is a problem which aooordingly has 
actively occupied the attention of artUlerists for the last ton 
years. The strain whioh the gun suffers from most is the 
violent initial strain at the moment of the first ignition of the 
charge. If the development of gas be intensely sudden, we have 
a violent local effect, an expression of irresistible force upon the 
sides and end of the bore before the shot is moved. A familiar 
experiment iUnstrates this. If a charge of powder be placed in 
a thin glass tube, and a charge of fulminating merouzy—whioh, 
compared with gunpowder, is intensely sudden and violent in its 
action—be placed in another; and if the two tubes be closed witii 
a oork, and their resjiectivo charges exploded, the cork will bo 
blown out of the tube which contains the grnnpowder, while the 
tube which contains the fulminate will be shattered to pieces. 
What wu require in a gun is, not to burst it, but to blow out the 
shot. It is desirable, therefore, with very heavy charges to 
modify the action of the powder, and this without altering its 
chemical character and strengtii. Accordingly, tho size and 
shapo of the grains, their density, and the degree of glazing 
inqiarted to them—physical conditions which all affect the rate 
of explosion—are modified in such a way as to make the explo¬ 
sion loss rapid, and to distribute the pressure more evenly 
through the bore. 

With this view tho Bussians, Prussians, and others employ 
what is called “prismatic powder”—powder which is oom- 
proBsod into hexagonal prisms, perforated to allow of tho 
passage of the gases. This powder is, no doubt, a great im- 
provoment upon tbe granulated powders; but in England it has 
been found inferior to both “pellet” and “pebble” powders. 
“Pellet” powdor was adopted provisionally in 1866 for use in 
very heavy charges. It consists of oylindrical pellets instead of 
grains—tho diameter of the iiellets being three-fouitba of an 
inch, and thoir thickness about half on inch. Latterly, a special 
committee, which is still sitting, has recommended the adoption 
of a powdor, which, from its representing in form and dimen- 
sions large pebbles of tho size of the top of a man’s thumb, has 
received the name of “ pobblo ” powder. This powdor has 
lately been adopted for nse with tho heavier rifled guns. Not 
merely does tho use of this powder greatly decrease tlio local 
strain upon the breech end of the gun, being far more gradual 
in ignition ; but it is capable of imparting, with a reduced 
strain, a far higher velocity to tho projectile. Thus, not only 
is tho power of our guns greatly increased, but their time of set- 
vioo is prolonged in proportion to the less strain imposed upon 
them. 'Iho uniformity of action of this powder is also greater 
than that of the ordinary, old-fashioned cannon powder. 

The maximum pressure exerted upon an 8-inoh gun with 35 
pounds of pebble powder is estimated at 15'4 tons per inch, as 
against 29’8 tons exerted by the former cannon powder (“ riflo 
large grain ”), and tho initid velocity of tho projoctilo has been 
incroasod from 1,363 to 1,410 foot por second. These ara 
important results to have ochiovod, and we hope, before tliis 
series of papers is concluded, to say something of tho inatm- 
menta and moons by whioh this powdor question has been 
worked. 

It appears, then, that while tho chemical constitution of all 
English powdor is tlie same, tho physical characteristics of 
different powdor differ widely, tho size of gram tanging from 
tho fine “ pistol ” powder, of which the grains are retained upon 
a sieve of 72 meshes to the inch and pass through one of 44, up 
to tho leviathan “ pebble ” powdor, of whioh tho lumps (for th^ 
are hardly to bo billed grains) are rotgined between itieves of 
I and I inch meshos respectively. Tlioro is no more important 
subjeot to the artillerist and the rifleman than that of powder. 
It has been appropriately called “ the soul of^artillozy.” So 
comprehensive and difficult a subject cannot be exhaustively 
duenssed in a single article, and the for4gcung remarks make no 
pretensions to an exhaustive character. They merely furnish a 
slight sketch of the more marked featurea of a very great and 
inteieatiiig aubjaot. 
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TECHNICAL DRAWING.—X. 

mUWINQ FOB C^BPBNTEBS: BOOFS. 

mlgaot of roofs beisig re^ Mly traied of in the 
lenoni an " Sidldiog Conitmotion,” it will sot be seceasarF is 
Ghia eonraa to gire suay azamplea of them. 

The foQowisg easmplea are illnataatioBa of roofa in which 
iron is eomlsBed WTth wood, by which measa far greater light- 
seaa ia attained than when wo^ only ia employed. In Fig. 70 
A A and B B ate tenaion-Toda; by aorewing sp the ssta at the 
ends of theae, the atraming-pieoeB, D D, are f orood upward, and 
being perpendionlar to t^ piindpala, they gire anpport to 
them at tiieir middle pointa. 'V^en these tenaion-roda are 
tightened, it will be seen that the tie>rod, c, is also strained, 
and perfect sttflaess is tiins 
attained. 

Fig. 71 ahowa tiie manner ha 
whi(£ the principaJa meet. The 
apex is oorered by an iron 
plate; this is bent downward 
so aa to form a base for the 


the support of the ridge-timber; a plate extends below the 
shoe for the attachment of the tenaion-roda. 

Fig. 76 ia a similar aubjeot, with an extra breadth of plate, 
and a third hole into which the end of a TmrtioBl tension-rod, 
which acts as a Idng-poat, is bolted. 

Fig. 77 shows the cast-iron ^oe for the reoeption of the 
lower enda of the prinoipala. 

Fig. 78 ie a tmaa used in a railway-ehed in Facia, designed 
by M. Armand. This ie an application oi Emya’ ayatem of 
bnilding np the arch-beam of plates of timber, and to this ia 
added a wronght-iron tie-rod, by which the en^ are confined; 
this is tightened np by the tension-rod, A b, in the middle. 

Figs. 79 and 80 are the elevation and plan of the junction at 
B, showing the means by which the tie-rod ia tightened up. 

Fig. 81 diowa another airange- 
mont for attaohing and tighten¬ 
ing a tension-rod. 

In drawingtheae examples, the 
atndont cannot do better than 
follow the oonatmotion aa do- 
acribed, and draw the vaciona 





nnta, whiali ahaU be at right angles to the tenaion-roda. The 
nnta are double in order to oanee them to act npon a greater 
length of the rod than would be the ease if single ones were 
em^oyed. 

Fig. 72 illnatrates the manner in which the nnta act at the 
lower enda of the piinoipale, a oaet-iron hoes being attached to 
the wood-work, witii one face danting, so that in &is caao also 
the faasa of the nnte may be at right angles to the tension-rods. 

Fig. 73 is a roof-traas on precisely the same prindple as the 
<Aher, the difference being mwely that the straining-pieces, 
A A, are of wood instead of cast iron; at their lower end, how- 
mr, they are fitted with a wronght-iron shoe (Fig. 74, b b), 
iato tiu ringed end of wUoh the tenaion-iode hoA. These 
hooka are eonfined by ringe, and their ends an then bent ronnd 
M shown at QC and A. 

fit- 75 ie a eeotionof a oaatdnn double shoe, or housing, for 
the caoeptioa of the upper ende of tiie principals, and also for 


members in the order in which thgy would be employed in the 
construction. Ha will, by tine mode d proceeding, learn to 
make a drawing in an intelligent manner, instead of merely 
copying the lines. It is advisable that the drawing dionld bo 
made of at least twice the sise of the original, and if neatly ‘ 
inked and nicely colonied it will become on important addition 
to the portfolio. Thie affords on opportnnity of advising each 
student to provide himself with a portfolio, and to keep his 
drawings ^t. When drawings are rolled one over miother, 
they are put away in a drawer or onpboard (if indeed they are 
BO taken care of); those which were drawn first are buried in 
the depths of the roll, are seldom seen, and are often entirely 
forgotten; even if taken out for reference, they will not keep 
flati bat are wrinkled and difionlt to measure from. On the 
other hand, if the drawings are neatly out off the beard, and 
kept in a portfolio, they are constantly kept before the eye, and 
the atudent is tlm reminded of eubjeote and of prinoiplea. 






TEOEQTIOAL DBAWING. 
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vUah wndd otberwiae haire formed only a itady, 

p o ei rihl y never to be looked at again. Portfolioe may now be 
bad at a vecy low price, and the student is aesnred that the 
amonat will 1w very wall laid ont. 

Having drawn the sections of the walls in Fig. 70, draw a 
horizontal line aoross from top to top, and projecting beyond 
the walls as far as the eaves at is B are intend^ to overhang 
the wallfl of the bnilding. 


failnre, each fanlt will become worse and worse as the work 
proceeds, and the inoorreotness wfll be so evident that he will 
have to give up the woric in an incomplete state, thus wasting 
all the time and trouble that have been bestowed upon it. 

If, however, the student, in making a drawing from any o? 
the examples that have boon brought under his notice, should 
find that cither from inattention to some preliminary point of 
detail or miscalculation of the scale, he is going so far wrong 



At the middle point of this horizontal erect a perpendicular, 
and mark on this the height of the angle where the rafters 
meet. 

. draw the rafters, the atraining<pieoos, n », and the 

tension-rods, a. a, b b, and the tie-rod c ; ihen follow the 
purlins, and Ihe rest of the roof, as shown in the Mample. The 
construction at the apex has been shown in Pig. 71, and this 
is to be followed in the complete drawing. The nuts at the ends 
of the rafters, too, are to bo copied from Fig. 72. 

7^0 studmt is again urged to aim at absolute accuracy and 
refinemmt in his work) and is warned that unless he is very 
careful in the elementary operationa the drawing will be a 


tliat ho is obliged to give up the piece of work that he ia 
engaged on, ho should not bo disoouragod, but renew tho 
attempt on fresh paper until ho has succeeded to his satis¬ 
faction. Perseverance, he mnst remember, never fails to bring 
its reward. 

In drawing the ends of the pnrlms, for instance, the greatest 
care must be taken that they are oil one size, and that the 
spaces between them are eqn^. This will be best aooomplished 
by using two pairs of dividers, tho one to be kept to the width 
of the pnrlins, and the other for the spaces. This will avoid 
the inaoonraoy cansed by frequently changing the size hold in 
the instrument, and wiU be by far the more rapid plan. 
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VEGETABLE COMMERCIAL PRODUCTS.—V. 

T. rULXTTO tIBBnri. IK THE PBEFAHA.T10K OP HUTSmOUS 

Aim BTUnriiATlKa BEVSKAaBS. ■ j 

The Tea-Pukt {Thea viridis, L., and Thea Bohea, L.; natnral 
order, Ownettiaieem ),—^Tbeae two epociee mre probably only 
Tarietiea of the Bame plant. Nativo region, China and Japan. 

The tea-plant is an evergreen Bhmb which attains in a state 
of nature a height of from twenty-five to thirty feet, but under 
onltivaiaon eoldom exceeds five or six feet in height, owing to 
the removal of its foliage by the cultivator. The loaves are 
alternate, short-petioled, smooth, shining, ovate-oblong, stiff 
and ooriaoeoaB, and slightly dentate. j 

All the numerous varieties of tea known in commerce are | 
referable to one or other of the two grand divisions of green 
and black tea. Both are most undoubtedly produced by the 
same plant, the difference in their colour resulting simply from 
a difference in their mode of preparation. 

The green teas comprise Twankay, so called after the name 
of a stream in Chohkiang, where this sort is produced; Hyson, 
or, in Chinese, yu-f/ien, moaning “before the rains,” in allu¬ 
sion to the time of gathering; Gunxmwder, or ma-chu, “ hemp- 
pearl,” referring to the peculiar globulcur form into which the 
loaves are twisted ; Imperial—the finest kind of green tea—so 
named because it is only used by the emperor and the man¬ 
darins : this tea consists of the smallest and most tender light- 
green loaves of the first gathering; it is not easily obtained in 
Europe in the pure state. 

The black teas include Bobea, named with reference to the 
range of the Bn-i hUls, whore it is grown; Congou, or hoong- 
foo, signifying labour or assiduity; Sonebong, or siau-churng, 
meaning small or scarce sort; and Pekoe, or pe-kow, “ white 
hairs,” in sllnsion to the down on tho epidermis of the young 
spring leaves. Tho two last are the finest and most expensive 
of the black teas. 

Tho preparation of green ton may bo described in general 
terms as follows :—The leaves are gathered from the sbmb, and 
placed in bamboo boskets ; they ore then put into shallow iron 
pans, placed over charcoal fires, and stirred continnally and 
briskly, the rising steam being fanned away ; after this, they 
are removed from the pans, and whilst still flaccid wil^ the 
contained moisture, ore placed before the twisters, on a table 
made of split bamboo, and therefore presenting ridges; tlie 
twisters roll them over with their hands until twisted. Tho 
loaves are then spread out and exposed to tho action of the air, 
and afterwards returned to the drying-pans, exposed there to 
additional heat, and kept oontinuolly stirred until tho drying is 
complete, when they are picked, sifted, sorted, and so prepared 
for paoking, Black tea is prepared in the same manner, with 
this difference, that tho fresh leaves, as soon as oolledtod, are 
thrown together into heaps, and allowed to lie until a slight 
degree ot fermentation ensues, or a spontaneous boating, similar 
to that whieh takes place in a damp bay-stook. This partial fer¬ 
mentation of the tea-leaves darkens their colonr. All tho black 
teas are grown in Fokien, a hiUy and populous district about 
200 miles to the north-mst of Canton. Tho green teas are raised 
in the district of Kionguan, abont 750 miles from the same oity. 

Owing to certain pooaliaritie.s in Chinese legislation, landed 
property is mneh subdivided, so that tho tea is generally culti¬ 
vated in small gardens or plantations, tlio leaves being picked 
the family of the cnltivator. Tho first gathering takes place 
in early spring, in the month of April: pekoe and hyson are 
mode from this crop. It is scarcely over before tho air becomes 
obarged with moisture, rain falls, and this, oombinod with tho 
warmth of the atmosphere, causes tho tea-shrubs soon to put 
forth, in tho month of May, tho loaves of the second crop. A 
third gathering is made abont tho middle of June, and a fourth 
in August. The leaves of the first gathering are the most 
valuable, and from those tho finest imperial and hyson, with 
pekoe and similar qnalitios of black teas, ore prepared. The 
leaves of tiie last crop ore large and old, and consequently 
make preparations very inferior in flavonr and value. 

Dnring the harvest season, when the weather is dry. the 
Chinese may be seen in little family groups on every hillside, 
engaged in gathering tiio tea-leaves. They strip off the leaves 
with astonishing rapi^ty, and throw them into sipall round 
Imskets made for tiie purpose out of split bamboo or ^ttan. 
These baskets, when filled, are emptied into larger ones, and 


immediately oonveyed to market, where a oloM of ChilMn tneke 
it a basinesa to ooUeot thmn in large quantities, and partly 
manufacture them, drying them under a shed. 

A second class, known as the tea-merchants, pnrdUieethe 
tea in this half-prepared state, and complete the manufaotnre, 
employing in the operation women and children. He tea-mer¬ 
chants begin to arrive in Canton about the middle of October, 
and the bnsy season continnes nntil the beginning of March, 
•being at the height in November, December, and January. The 
tea is brought to Canton either by land-carriage or by inland 
navigation. Tho roods aro too bod to admit of beasts of burden 
attached to wheeled vobioles, so tiiatthe land-oarriage is nanoUy' 
effected by porters. 

In China tea is the common beverage of the people, being 
sold in the public-houses in every town, and along tiio public 
roads, like beer in England. It is qnite common for travellers 
on foot to lay down their load, refresh themselves with a cup of 
warm tea, and then proceed on their joomey. A Chinaman 
never drinks oold water, which he abhors and oonsiders unholy; 
tea is his favourite drink from morning to night, not mixed 
with milk or sugar, but the essenoe of tho herb itself, drawn 
out with pure wotcr. Tho Chinoso empire coold hardly exist 
were it deprived of the tea-plant, so habituated ore the people 
to its use; and tboro is no doubt that it adds greatly to their 
health and comfort as a nation. 

The Japanese usually make tea by pouring boiling water on 
tho leaves, after having first reduced them to powder. Neither 
tho Chinese nor tho Japanese use milk or sugar with tea; and 
certainly the peculiar taste and aroma of tho tea aro hotter 
■appreciated without those additions. 

Tea is imported in chests always lined with tiiin sheet-load, 
and with a paper which the Chinese uianafacture from the liber 
or inner bark of tho paper mulberry (HroussoncUa papyrifera, 
L.). It is silky in texture, straw-coloured, and made without 
siso. When tho tea is put into the boxes, it is pressed down 
first with tho hand, and then with tho feet, after which the 
boxes ore nailed down and stamped wi'th tho name of tho 
district-grower or manufacturer. 

The Chinoso colour with Prussian blue tho teas which they 
ship for tlio foreign market. Only a little of this dye is em¬ 
ployed, so that its use is not prodnetivo of eril results ; still, 
the tea would be better without it. Tho Chinese never dye tho 
toas which they retain for their own use. The green teas of 
'commerce are too often only block teas coloured with Prussian 
blue. Nevertheless, comparatively speaking, very little adultera¬ 
tion of tea is practised by tho Chinese. A few leaves of •the 
Camellia and of n species of Ithamnus or buckthorn indigenous 
to China are found occasionally amongst the tea-leaves, but not 
to any very great extent. The loaves of such British plants os 
the beech, elm, willow, poplar, hawthorn, and sloe, are far 
more abundant, proving tiiat the tea is adulterated after it has 
•arrived in this country. The adulteration is easily detected 
*by oomparing the leaves from tho teapot with the genuine toa- 
^eaf. Tea is also adulterated with old exhausted tea-leaves, 
Vhioh ore re-dried and used again. 

In 1866,139,610,0441b. of tea were imported into the United 
Kingdom, of which quantity 102,26.5,631 lb. were retained for 
homo consumption; in tho same year we exported 20,245,4541b. 
to foreign parts. 

Tho consumption of tea by the Chinese themselves is enor¬ 
mous. They drink four times as mnoh as we do. With rich 
and poor of all that swarming population, tea—not suoh as onr’ 
working classes hero drink, bnt fresh and strong, and with no 
second watering—accompanies every meal. Tho population of 
China, according to an official census taken in 1825, was 
352,866,012, which is more than ten times onr population. 
Estimating onr annual consumption of tea at 33,600,000 Ib., 
that of China must he forty times that quantity, or 1,444,000,000 
li). In addition to this there is a very heavy exportation in 
native vessels from China to all parts of the East where Chinese 
emigrants ore settled, such as Tonqnin, Cochin-China, Cambodia, 
Siam, the Philippines, Borneo, the settlements in the Straits of 
Malacca, California, and Australia. In comparison with suoh 
an enormous amonnt os this onr own oonsumption sinks into 
insignificance. 

The caravan or Bossian teas aro tho best and most expensive 
of those nsed in Europe. They are brought overland from China 
by Bussion merohanta, who go there annually in oBiavans, viS 
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EjMslfta. ThM4 caravan teas, pozahasod bj the vroalthier 
Bossian familieR, aze pieterred to those shipped in Canton, 
which are said to det^orate in some degree through the sea 
air, and from being etowed away in Ihe narrow and close holds 
oi the veesels. 

Tea was first brought to Europe by the Dutch in 1610, and 
they had for a long time the monop^ of the trade. But the 
British East India Company, entering the field as a competitor, 
soon obtained a fair share of the bu^ess. The sole object of 
the company was to provide tea for the English market j of this 
they had the exclusive monopoly until 1834, when the British 
Govmment passed an Act which, threw open the tea-trado to 
all disposed to engage in this important branch of commerce. 

Formerly all the tea received in Europe was cultivated exclu¬ 
sively by the Chinese; now the culture of the tea-shrub is suc¬ 
cessfully carried on in other countries. 

The Dutch were the first to break the charm of the Chinese 
monopoly by introducing and cultivating the tea-plant in the 
rich and fertile island of Java. Their first experiment was so 
Euocessfal that numerous tea-gardens were soon under cultiva¬ 
tion on the mountain range which runs through the centre of 
the island, whore the plant escapes the scorching heat of tlio 
torrid none, and finds a climate by height, rather than by lati¬ 
tude, adapted to its nature. A considerable quantity of tea is 
now annually shipped from Java to Amsterdam, 

In 1810 an attempt was mode to cultivate the tea-shrub in 
the Brazils, near Bio do Janeiro, and a colony of Chinese were 
induced to settle there, and attend to the plantations. But the 
experiment did not succeed ; tho shrubs (becaTno diseased, and 
the Chinese formaUy abandoned them. Another clFurt made in 
the same country in 1817 was unsuoaossful, owing to diflicultius 
arising from olimato, tho high price of labour, and tho natural 
indolence of tho natives. Tho experiment, however, was tried 
once more, and tWs time enccossfully, and tea culture is now 
prosecuted with energy in tho Br.azils, and with a commensurate 
amount of success. Tho Bio Janeiro market is entirely supplied 
with tea of domestic growth, and tho puhlio of Brazil ore satis¬ 
fied tliat no plant is more profitable or deserving of attention. 

, Tea is now cultivated in British India. Some years ago it 
was discovered that tho tea-plant was indigenous to our Indian 
territory of Upper Assam. This plant, supposed to be a distinct 
species, has received the name of Thca Assamira. It is a more 
vigorous ^lant than the Chinese spooies, and has much larger 
leaves. It grows in the warm, moist valleys of tho Himalaya 
mountiuns, the temperature and other conditions there being 
similar to the ciroumstances under which tho Chinese plant is 
raised. The Assam Tea Company was started, and several 
thousand acres were soon under cultivation in tho district 
stretching from Eumaon to tho hill tracts acquired from the 
Sikhs. I^e plants grown are chiefly those raised from Chinese 
seed, the remainder are the indigenous plants of the district. 
The seeds of the Chinese plant were obtained by Mr. Fortune in 
China in the summer of 1850, and by him planted in Wardian 
oases. They germinated during the voyage, and reached their 
final destination—^the plantations of tito Kmalayas—^in fine 
condition. About 14,000 plants were thus added to tho Assam 
coUeotion. Chinese tea-onrers have been induced to settle in 
Assam, and both blaok and green tea are now manufactured 
from the Chinese and Assam plonto. The latter prodnees a very 
strong tsa, which answers well to mix with the low sorts of 
China tea, and is chiefly used for this purpose. Several largo 
cargoes of tea from Assam have already bran received in this 
, country. Land suitable for the culture of tea exists amongst 
' the Himalayas to an almost unlimited extent, and the quantity 
raised annually and exported must inorease as the plantations 
are extended and multiplied. 


OPTICAL INSTRUMENTS.—II. 

By SAHvrn Hioitun. 

THE ABNORMAL ETE. 

Having described the oharactcristics of the perfect and healthy 
organ of vision, we have now to doaoribo the deviations from 
tho normal eye, and those defects or diseases that require tho 
optician's aid for their correction or alleviation. Between thirty 
and fifty years of age indications of natural decay in the perfect 
organ of sight may be detected, and it will be found, as a rule, that 


while distant objeots are aa diatinotly disoernible as in youth, it 
booomea nerassaiy to hold neaT objects —snob as tho newspaper, 
needlewbrk, etc.—farther from the eye than tite peieon has 
hitherto been aoeustomed to do, especially at candle or gas light 
—it is, in fact, becoming long-sighted, Ilie average distance for 
distinct vision for near objects in the normal eye is about eight 
inches from the eye; hut on long-sightedness sotting in, near 
objects cannot be distinctly discerned till removed to a distanra 
of fourteen, sixteen, eighteen inches, or further, from it. This 
defect is termed presbyopia. The oommenooment and progress 
of this deterioration of tho normal eye deiiends upon how it 
has been used, and upon tho health of the individual. At thirty 
years of age some eyes are more defective than (Ahers ore at 
fifty years, but the average period of tho commenoemont of 
decay in the eye is about the forty-fifth year, and is first indi¬ 
cated by feeling the necessity of removing small type further 
from the eye when reading by candle or gas light, and the eon- 
sequent necessity for using spectacles. This will bo about a 
year before their assistance during daylight is recognised as 
absolutely essential for the comfort of the organs of vision. 

Freshyoi>ia, it may bo stated, is often accompanied by that 
“ weakness of sight ” termed amblyopia ; and the latter is some¬ 
times mistaken for the former, as tho omblyopio person also 
cannot sec small objects distinctly, and convex spectaoles (as 
with presbyopia) improve his vision by affording larger reti^l 
images; but the purely presbyopic eye is free froi^ amblyopia. 

About the age of fifty the far point, in tho normal eye, also 
begins to rooodo somewhat, so that the eye then becomes slightly 
hypermetropic (or of the defective nature next described), and 
with increasing years may become absolute, so that the patient 
is not only unable to accommodate for divergent rays from near 
objects, hut oven for parallel rays from distant objects. 

Another shortcoming, which may be present in youth, is 
where tho eye, when in a state of rest, is incapable of bringing 
the parallel rays emanating from distant objeots to a distinot 
foous on tile retina, and can only do so by on effort of aeoom- 
modation more or less oonsiderablo, aooording to the amount 
of defect, while no great inoonvenienoe may be expmenoed in 
regard to near objects, when reading, writing, sewing, eto.—in 
foot, may never be detrated till age sends the person so alteoted 
to the optioian or oonlist, especially’ if he has good aocommo- 
dative power, when the defect is unoonsoionsly corrected with 
bnt slight effort. If, however, this defect is absolute, vision will 
not bo perfect at any point. This is termed hypermetropia, an 
affeotion which was little noticed, or not properly understood, 
until within the iMt few years. Another deviation from the 
normal eye (which has no connection with age, but is, as a rule, 
a natural, often hereditary defect from birth, though seldom dis¬ 
covered by the person so affected till tho age of puberty, or tilt 
the oommeucement of oameai study, or oocupation at some trade 
or profession involving tho use of the eye at its near point, or 
in other cases resulting from ooenpations teazing to the eyes) 
is short-sightedness, or myo 2 na, as it is professionally termed. 
In this cose persons can see tho very smallest object perfectly 
when brought unnaturally close to^e, while large ones at 
a distance, or even a moderato idiHK|e, are involved in such 
haziness, that they would not ra||M|Hhd in swearing to tho 
recognition of an accused porson!«^HMPrt of justice. 

All eyes—the emmetropic * ^^pjlmetropio, and myopic— 
Hniror change in tho near point with the advent of old ago. Tlio 
eye is not adjusted at the same time for equally distant horizon¬ 
tal and verlitt^ objects, being greator for horizontal lines tlmn 
vertical ones, which may bo proved in the following manner:— 
Draw on papey two ink linos at right angles to each other, and 
place one distanoe of ^tinot vision, this will 

appear bla<a|^HE|mr)', while tho other will bo indistinot, as if 
drawn in pmKHB&djiiHt the eye for the vertical line, and tlio 
effect will In some cases this difference in tho 

curvature oPpHS^e in two directions may become so great ra 
to require optiew correction by means of “ cylindrioal lenses.* ’ 
This dofoot is toitned asligmaiism. 

Some persons (always affected with slight myopia) complain 
that after raading' for a short time without glasses, the letters 
become confused, blurred, and appear to run into each other j 

* The presbyopie is classed mtli the emmetropic eye, being In fact 
a normal eye d^sotlve through age and not by congenital maltor- 

malltn. 
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pain in the «je and sronnd ilie orbit ie experienoed, and, if 
peraieted in, the eTen become red and watery. After resting' 
the eyee for a few minatea, reading may be proceeded witii, but 
only to entail a epeedy return of the same train of symptoms. 
If we request sntA a patient to look at our own forefinger, 
while 'we gradual^ approach it towards his eye, we aliall find 
that when it is within a distance of about iix inches, one eyo 
becomes a little unsteady in its fixedness, and then gradually, 
suddenly, or spasmodio^ly deviatoa outwards. A^n, this 
deemtiim oocnns even, perhaps, if the object be some feet 
distant, when we corer one eye, so as to exclude it from par¬ 
ticipate in the act of -vision of -the other. This outward 
deviation indiimtes insufficiency or weakness in the recti iniemi 
mnsoloB of the eyeball, which tends to the production of double 
images of the objects observed (or what is professionally termed 
diplopia), which the patient intuitively suppresses, unless the 
object be brought too near to the eye. If such a person 
pendsts in employing the eye on near objects, the aSoctod eye 
moves outwards and prodnoos a permanent divergent squint 
(•(rabwmtw), in whish case the patient again suppresses the 
image of the squinting eyo, to avoid the pr^uotion of diplopia, 
whioh leads to more or less of that “ weakness of sight” of the 
aflTeoted eye termed aeihcTUjpia. By the jndioioas seleoideq 
and employment of prisms of suitable refraotive power, this 
weakness of the mnsdles, if attacked in the early stages, may bo 
onrod, and thus the surgioal operation of tenotomy may bo 
avoided. Suoh prisms must be weak at first, and then be 



gradually inoreased in power. The prism must be plaoud with 
the base outwards before the affected eye, so that the rays from 
a caudle, placed about eight iuohes distant, may fall upon a 
portion of the retina slightly to the outer side of what is tmowu 
as the yellow epot {fovea centralis). To avoid the produotiou 
of double images arinug from this, the eyo will instinctively 
move inwards, in order to bring the rays exactly upon the 
yellow spot. During these exerdses of the internal reotus, 
short-sighted eyes must be famished with concave spectacles, 
so that the objeet may be distinctly seen, lliis mode of treat- 
mont requires great patience on the part of oculist and patient. 

Oculists classify eyes according to their dioptcrio obarac- 
teristios when tested for their farthest point of ^tinct vision, 
and four lands may be specified:— 

1. The Normal, or Emmetropic Eye, in whioh, when in a 
state of rest, parcel rays are brought to a focus on. the retina, 
as shown at« (Fig. 2, page 111). 

2. Hie Pretbyopie. or Longsighted Eye (aged ommetropio), 
in whioh, through the loss of aooommodative power, caus^ 
partly by the wMeuiug of the oiliocy musoles, partly by the 
hsedening and disoolonration of the crystaUine lens,* and the 
ffattening of the cornea, the faculty of bringing near objects to 
a focus on the retina is lost, unless the object be removed to an 
abnormal distanoe from the eyo; though the eye, in a state of 
rest, is capable of bringing parallel rwys emanating from a 
distant object to a foous on the retina, and so far is a normtil 


* ^e crystalUna lens is is tomsporent os water tilt about the 
twenty-fiftti or thirtieth year, when it begine to be slightly tinged with 
jreBow towarde its centre, whidt very giadnaJIy extends towards the 
stttfaos, and heeomes daepet and d ee pw is tint, tUl in extreme old 
age it may r es ambl e s pisoe of yellow amber. 


eye still, while the converging rays from a near object oome to 
a foous behind the retina, as shown in Fig. 6. 'nus defect is 
remedied by holding the object at a distance from the eye, eo os 
to lessen the dirergenoo of its rays, or by plaoing a convex ions 



before the eye, so as to liolp it to prixluce tlio ueoossary conver¬ 
gence, as shown by the dotted linos in Fig. 7. 

3. The Hypermetropic, or Oversighted Eye {h/gperpreshyopic, 
or hyperopic), which is adjusted for convergent rays, but in 
which iiarallbl rays a~e brought to a foous behind ike retina 
when the eye is in a state of rest, as shown in Fig. 8. This 
results from the length of the axis being -too short—in other 
words, the retina being too near the cornea—or through the 
refracting surfaces of ^e eye boing slightly flattened, or both 
causes may be co-existont. In either instance tlie refracting 
part of the organ of vision is incapable of converging parallel 
rays from a distant object, so as to bring -them -to a focus ou the 
retina. The hypermetropic eyo may be diagnosed by its peculiar 
shape, as it appears flatter and shorter than the normal eye, 
and it does not fill out the aperture of the lid, a little pouch 
being loft between the eyeball and lid. 

Hypermetropia is remedied by plaoing a convex lens before 
the eye, so os to help it to produce tiie necessary oonvorgenoe of 
the parallel rays, and bring them to a foous ou the retina, os 
shown by the linos (I^g. 8). 

4. The Myopic, or Shortsighted Eye {brachymetropic), whioh, 
when in a state of rest, is adjusted for divergent rays, and 
wherein parallel rays ore, even when the eye aooommodates 
itself for its farthest point, brought to a focus before the retina., 
as shown in Fig. 16, so that distinct images ore formed on the 
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rettam ohty when the rays emaaating from sueh olyeot fall upon 
the eye ^vergently. 

This resolts from the axis of the eye being too long, or the 
onrvatnre of the rofisoting surfhoes being too great. This 
defect is remedied by holding the object very olose to the eye, 
eo as to iuomaee the divergence of its rays, or by placing a 
oonoave lens before the eye, so as to produce the necessary 
divergeuoe, as shown by tiw dotted lines (Fig. 11). 
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FORTIFIOATIOK—III. 

BT US OFTIOEB OF THX KOTAli BNaiKIBBS. 

FBOFILES OF HASTT AN£> IBBEOTTLAB DEFENCES. 
7kb deatrnotiye effeots of rifled arms render it absolntely 
aeoewaiy tfaiiA cover ot some kind ahotxld be rapidly provided 
<<« the troops acting on the defensive, and it most often 
bappm that a x^nilar profile cannot be given to works only 
intnided for the temporary occupation of a field of battle. 

Advantage must then bo taken of all such materials existing 
4m the spot’(walla, hedges, etc.), as are capable of being readily 
converted into parapets ; and whore no 
nuoh materisla exist, cover must be ob¬ 
tained# by means of what ore called 
Shelter Trenches (Fig. IS). The object 
lof these is to soouro for the defenders, 
by a small amount of labour, consider¬ 
able protection whilst firing (as may be 


accnrately with the blades of their shovela, which are abont 1 
foot in length. Care miut be taken that after the parapet hoa 
been raised to a height of 1 foot 6 inches, the addUion^ eoriJi 
is not allowed to increase ibis height, as it would then be too 
high to be fired over by men kneeling in the trench. In rear of 
each company, short trenches will bo dug for the officers and non¬ 
commissioned officers (Fig. 17), who will then be in their right 
places for superintonding the firing, and only so far back fram 
the lino, that when the main trench is completed, their own 
parapet shall not be interfered with. 

As will bo seen in the acoompanying outs, the men in these 
trenches arc much less exposed than 
those in the open, and as they are 
absolutely out of sight when lying 
down and not aotnally engaged, many 
lives I must be saved by the cover they 
ail'urd; at the same time the propor¬ 
tion of fatal wounds to the total 





seen by comparing the men shown in the open in the fignre and 
those ^ the trench); and, at the same time, not to obstruct their 
rkpid advance when the moment for a forward movement arrives. 
The method ot executing them is as follows:—^As soon as a 
regiment arrives on the ground it is intended to defend, one 
ta^ is extended as a line of workmen, at six feet intervsls 
from one another. In the first instance, a oontinnoas i^oh 
1 foot 3 iaohes deep, and 2 feet broad, is dog, the earth being 
thrown is front to form a parapet 1 foot 3 imffies high. This 
trenoh oas be excavated in from ten to twenty minntee, and is 
then capable of giving cover to one rank kneeling in it, and to 
« rear rank lying down on the ground behind (Fig. 16). 

If more time is available, the trench is then gradnsUy widened 
until it is 7 feet broad, when it is wide enough to allow of the 
men lying down in it, and being perfectly hidden nntil reqnired 
to fire (Hg. 17). 

As soon as it fii 4 feet wide, tiiere is room for both ranks 
kneeling. Ko tracing or special measnrementa are neoeesaiy 
for this work; for if the men are placed in line, two full paoes 
•part, they can measure the depth and breadth enffio&stty 

woi,. I. 


numbers of men bit mnet bo larger than before, since tiio 
men’s beads are almost the only parts exposed. This resrdt 
appears to have been noticed in some of the late battles; in 
i^anoe, where trenches of this description wore employed. In 
woods, where large trees can bo easily obtained, iiaropots may 
be formed by telling the trees, and, after removing tlio bronohee, 
laying them lengthways one above another, os represented in 
Fig. 18, If shovels are available, a small trench should be 
excavated, and the earth thrown over the logs. A very eervi^ 
able parapet may thus bo readily formed, as the crest, which 
is usually the weak part of all earthen parapets, ie in this oue 
quite bnllet-proof. 

The intrenchments need hy the Maories or New ZesJaadere 
ere worthy of notice, lioth on account of their being somewhat 
different from the ordinary profile^ and also because the seme 
method may be advantageously applied in oases where it is 
desirable to defend a hiU-side with several rows of men in 
ehelter trenohes, one behind the other, i^nteir pahs, or in¬ 
trenched positianB, were generally admirabfy chosen on the 
■lopes of inaeoeBBibk or d^cnlt cd approach, and the 
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gromnd moet liable to attack thoronfrbly well 8wet>t by their 
fire. These works geoenlly coasieted of an irregalar line of 
deep riflS'pita, as represented in Figs. 19a, 20a, placed close 
to one aaothw, connected either by a trench (6) or a small 
nndergronnd psMage, and the earth being thrown up hehind 
the trench ixistead of in front, as is nsuaUy the case, l^is 
mound seirred the double purpose of affording cover to their 
hnts and dwelling-plaoes, and, if necessary, could be manned 
to bring a second line of fire to bear on the attack. The 
men in ibo pits, firing at the level of the ground, were very 
little exposed, besides which the narrowness of the pits and 
tbdr irregular onflino made it difficult to dislodge the defenders 
by the fire of shells. The front was usually protected by a 
stont palisade, or poet-and-rail fence, on which a screen of 
fi».T was hung (c)—the former as an obstacle to prevent ilie 
assailants closing with the men in tho pits, who were hidden 
from view by tbo soreun, atid were able to firo nndcr it oloso 
along the ground. Some of the pits wero partially roofed in 
and lined with fern to servo as sloopiug-placos, as may bo seen 
from the enlarged section tbrongb rifle-pit in Fig. 20. An inte¬ 
resting detailed aocount of these may bo found in Vols. VI. and 
XIV. of tho “ Professional Papers of the Eioyal Engineers.” 

StoocodoB are formidable parapets oonstmutod entirely of 
wood in situations not ox^sed to artillery firo. They iiro so' 
high as. to nooessitate tho uso of laddors to got over them, and 
being bullet-proof and loopholod are troublesome to attack, as 
unless they con bo approached by surprise, many casualtios 
must ooour in attempting either to cscalado them, or to blow 
thorn in with gunpowder. 

Stoocodes are tho typo of work usually met with in wars 
with unciviliBed nations who do not possess artillory, such as 
tho Hill tribes on our Indian frontiurs, etc. One of those 
works in Bhootan proved a very formidable obstacle, formed of 
long bamboos fin^y lashed together, and was not demolished 
by the explosion of CO lb. of powder placed in a bog against its 
foot. Ordinary stooeodes consist of a row of upright timbers 
12 or 14 inches in diameter, and from 10 to 15 feci in length, 
placed touching one another, with their butt ends buried in a 
trench 3 or 4 feet deep. These logs are kept together by being 
spiked to two rails, or cruss-piooes, noor the top and bottom of 
tile logs on the inside (Fig. 21). 

To inoroase the difficulty of getting over them, their tops 
should be pointed, and whore they come in contact the logs 
should be squared, by having slabs out off each side. 

If this cannot be done, smaller logs should bo placed in front 
and in rear, to strengthen the weak points between the large 
timben. 

The larger the logs ore tho bettor, both on account of the 
greater seonrity they afford, and also because they are not so 
liable to be dangerously weakened by cutting a loophole through 
them. This is generally managed by cutting a notch equal to 
half a loophole out of each of two adjacent logs, and placing 
them tog^er. 

As the usual method of demolishing a stoccade is by explod¬ 
ing hags of powder placed against them, it is desirable to 
prevent this as far os possible, by digging a ditch in front, and 
piling tho earth at a stoop slope against tho stoccade on the out¬ 
side. This should generally be done, uiiloss tho lower portion 
of the stoooade requires to be loopholed so as to allow of a 
second tier of musketry firo, when a temporary platform or 
“ banquette” must be erected inside to enable one row of men to 
fire over it, while another rank stand in a trench at the first of 
tile timber*, and fire throngh close to the ground level (F^g. 22). 

With rei^ to loopholes generally, it will be well to re- 
merabor that they should invariably bo mode at a level cither 
too hkh or too low for fhe enemy to use for firing into the 
work from the outside; and, at the same time, they must be at 
a ooBvenient Imlght on the inside for ose by the defenders. 
About IS feet of ordinary stoccade work can bo constructed by 
a party of tight men in eight hours. This does not include 
outting down, or bringing tho timber to the spot. Strong 
hedges afford exoellent defensive obstacles, and are capable of 
being oonverted with little trouble into good parapets. 

Wh«n a hedge is less tiian 6 feet high, a ditch sbould be dug, 
and the earth tisrown over to the otim tide to form a parapet, 
at the hedge is then utilised as an obstacle, and also as a 
wretmeat to the eartii btiiiad (Fig. 23o). This method gives tite 
inea fizing over the hedge a command over tbeit sasailants. 


When time presses, and the hedge is high and strong eno^h 
to form a good obstacle, a slight trenoh with the earth piled 
agamst the hedge will st^oe to obtain oover. A small ^toh 
(Fig. 235) sbould be added outside to keep the enemy from closing 
with the breastwork. In some instances it will be better to 
make the trenob deeper, and having out away the lower branohes, 
to ffire close to the ground (Fig. 23c). Hedges intended os 
obstacles maybe very much strengthened, and made difficult to 
cut down, by having thick iron wire run throngh them and 
made fast to the lowest trees in the hedge. As it is the ex¬ 
ception to find hedges without some sort of bonk or ditcb on one 
side of them, tho excavations that have been indicated in these 
diagiams will generally require very slight work to complete, 
and consequently this species of defenoo may be very rapidly 
prepared. 

Walls of moderate thiokneas may be rendered defensible by 
either breaking loopholes through them at the required levels, 
or cutting openings down from the top, care being taken that 
the wall is not too much weakened by this treatment, and that 
tho enemy is prevented from closing with tho loopholes from 
outside. 

On love! ground, walls nnder four feet high are naeloss as 
parapets, but may be of sorvice as a partial revetment to 
eartWi ones thrown up in front of them (Fig. 24). 

Low walls, under 7 feet high, require that a ditch and a 
trench should bo dug in ordur to obtoiii sufficient cover. High 
walls may bo arranged for two tiers of musketry firo, in the 
same way as has been described for a stoccodo (Fig. 25). 

In tho hasty defenoo of villages and towns, rough barricades 
formed of carta, furniture, etc., may be employed both as 
obstacles aud parapets. No rules can bo laid down for thoir 
construction, orcept that they should be placed at points whero 
their firo con be assisted from loopholes in adjacent buildings, 
and where artillery fire cannot bo brought to bear on them 
from a distance. Four-wheeled carta filled with stones, earth, 
etc., would form a good cummonconieut for a barricade if drawn 
up in a lino across a stroot, and their hind wheels taken off. 
Behind these, logs of wood, socks filled with cools, barrels, etc., 
would be oooumulated until a sufficient parapet and banquette 
had been formed; a pile of broken wheelbarrows, farnituro, 
etc., being arranged in front as on obstaole, but eo as not to 
afford cover. 


TECHNICAL EDUCATION ON THE 
CONTINENT. —VI. 

BT KULIS A. DAVIDBOK. 

THE POLTTECUNIC SCHOOL AT HANOVEB (eontiniMd). 
Havinq thus given an outline of the comprehensive oourse of 
studies carried out in this school, whieffi may be termed a 
Technical University, it is now only necessary to mention that 
the courses are arranged for each student aooording to the 
profession ho intends following, the teohnioal or speoiol 
branohes, however, not being taken up in the Higto Sohool 
until the complete general course in the Lower Sohool has been 
gone through. 

BEatriiATlONS AB TO OONDUOT ANP PIBCIFLIKE, EBTABUBRED 
BT DBCBEU OF THE HINISTEB OF THE ZNTEBIOB. 

The rogulationB of this sohool are so admirable in their 
oharocter that tbqy are oalonlated to exaroise as great an 
influence over the general life and moral training, aa the oourae 
of study has upon tho intelleotnal career of the student. An 
extract only from the code of rules will be given here with the 
view of showing that in the condnot of such establishments for 
youth there are other subjeots to be oonaidered than the mere 
oourae of atudies. 

1, The atudentB and persona attending the Polyteohnio 
School must oondnet themativea in a deoorona and blamtien 
manner, and must show the leotarere, teachers, and other per¬ 
sons oonoemed in the management, the utmost obedienoe and 
reapeot. 

2. They must, during leotureB and lemonB, be orderly and 
attentive, and must be in their places in the tiaea or leoture 
room before ten minutes after the time fixed. The oasse of 
absence must in every oaae be explained in writing, and in ease 
of illaen a medical oertifioate must be produeed. 
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8. Eaah stndont mnst provide euoii books, or oiiheir soliool 
material, as the teacher may presoribe, without delay. 

4. The ezeroisea and notes given out by the lootorers and 
teachers to be worked out in leisure hours, must be carefully 
prepared and delivered at the specified time. 

5. llie students in the Loyrer School must, os a body, take the 
entire course of studies, unless exempted from any branches by 
permUsion of the Direction. In the Upper School the students 
are free to select the classes or lectures they may wish to 
attend; but they aro urged to avoid disturbing the course laid 
down for each profession, since each branch has necessarily an 
important hearing upon the other. A student, however, having 
entered himself for any complete course, is not permitted to 
omit any individual subject comprised in it without written 
permission of the professor. 

6. Models, tools, apparatus, examples, etc., used in the 
lectures and lessons, must be carefully preserved, and any 
damage thereto must at once be mado good. Where the indi¬ 
vidual student is not discovered, the entire class is hold rospoii- 
siblo for restoration of damaged property. Students are nut 
allowed to take books or examples homo, unless by special 
permission. 

7. The school buildings, furniture, and fittings must also bo 
kept from damage, under the previous rule. 

8. Proper obedience must bo shown to the officers and 
attendants, whoso duty it is to carry out the rules and to main¬ 
tain the order of the establishment outside the class-rooms. 
Violations of tliis rule are reported to the jlireotion. 

9. Stiidonts wishing to form amongst themselves a club ca* 
union, are permitted to do so provided thoir object be their 
mental, moral, and social bcnelit. The rules of such union 
must bo submitted for the approval of the Direction, and every 
student under ago wishing to join must present the written 
permission of his parent or guardian. Iho members ore free to 
withdraw themselves from such union at any time, but new 
members can only join at the oommonoement of a school year. 

10. Disorderly conduct of any kind is severely punished. 

11. Improper conduct in the streets, or any other public 
place, although it may not bo absolutely legislated for in the 
code of regulations, will bo recognised and punished as oom- 
promising the reputation of tbo school, causing annoyance, and 
sotting an evil example to others. 

Hie means taken to seouro disoiplino ore— 

(a.) Warning of dismissal. 

(6.) Suspension from a class. 

(e.) Dismissal from the school. 

(d.) Formal expulsion. 

'ihe extreme punishments are, however, never inflicted 
without frequent admonitions and warnings, and in every 
ease the parents or guardians ore oommnnioatsd with. 

SUPBBVISIOir OF BTUOICNTS. 

It is incumbent on every teacher of lower classes in the 
Polytechnic School to exercise the most careful supervision 
over the students, and to register their attendance. It is also 
the teachers’ duty to keep a oontinuous watch over the oondnoi 
and attention of tho students, so that they may be prepared at 
the end of tho year to give an accurate and truthful report of 
each. 

THF ULBOBATOET. 

The laboratory is open for the use of students at stated 
hours. Experiments or prooesses, which could not otherwise be 
completed by dinner-time, are begun at eight in the morning. 
Except under special oironmstauoes, only such work as is 
prescribed by the teachers is allowed to be done in tbo 
laboratory. The laboratory is well supplied with complete 
apparatus, eto., for carrying ont exporimonta on a large scale, 
and for lootnre purposes; but tho students are required to 
provide themaelves with tho smaller utenails—^teat-tubes, 
beakers, flasks, funnels, and other apparatus. The laboratory 
students are supplied with a oeitain quantity of spirits of wino 
(for lamps), filtm paper, litmns paper, eto. Students requiring 
more must purohase it. 

Such atudents aa desire the aooommodation can be supplied 
a complete set of glass beakers for a moderate sum, which 
is letiUBed to them at tiia end of the school year, if the glasses 
are restored uabrokeu. 

The ohSmieals studmits may require for their private study 


may bo purchased at numerous shops, or can bo supplied at 
moderate prices from tho laboratory; tho payment must, 
however, be “ cash,” tho laboratoi’y not undertaking to keep 
credit accounts of goods supplied. 

For tho maintenance of proper order, for tho economy of 
the laboratory, and to render its rosonreos oh widely beneficial 
os possible, the following rules have been established, and these 
are given hero, os indeed aro all tho other details, in order to 
afford hints for the establishment of similar institutions in 
this country, 

1. Each student must keep his own place in tho laboratory 
in order,, and before leaving must restore tho apparatus be 
has used to its proper place, so that it may bo ready for the 
next comer. 

2. Such apparatus as may bo tho property of the student, or 
which has been specially eutrustod to his care, may be lucked 
up in cabinets. 

3. lire students are bound to see that under no circnmstancos 
whatever is anytiung put into tho jars or bottles but tho 
chemical stated on tho label, and to be careful that tho proper 
stoppers are put in tho bottles, so that tho purity of ithe 
contoiits may not bo impaired, or that evaporation may hot 

• iliko place through inoociu-ato fitting of tho stoppers or oovers. 

4. Tho apparatus in the lecture theatre are reserved fo"* 
lectures, and must not bo removed for any other purpose. 

5. Although according to a previous regulation studunts arc- 
bound to make good any damage done to the school piuperty, 
this rule, in consideration of tho fragile nature of some of the 
chemical apparatus, and the dangers to which they are subjected 
whilst in logitimate use in tiio laboratory, is thus far relaxed, 
that payment is only exacted when the damage lias been kept 
secret, or is proved to havo taken place through absolute 
nogloot. 

In tho following cases, however, full restitution is demanded : 

(a.) Whore a student has injured tlio balances used, so that 
repairs aro necessary. 

(b.) When any of the apparatus has been so damaged as to 
bo of no further use. 

(c.) When books of reference used in the laboratory havo 
boon soiled or stained. 

(d.) When the hand-towels have been nsed for wiping up 
acids, or subjected to other destructive treatment. 

A fine is also inflicted on students leaving gas burning in tho 
laboratory, or neglecting to see that the taps are properly 
turned off. 

The teaching staff in this admirable institution comprises 
abovo forty professors—not professors in name only, but 
absolutely professional men of the higbost position, architects, 
consulting engiuoors, anolytioal chemists, and mathematioians ; 
and tho iuspeotors aro all practical men, appointed by the 
Dirootion for their status in tho branch in which they ore to 
examine. 

In addition to tho various branches of science and art already 
mentioned, olassos are held for iustmetiou in languages and 
other subjects oounected with the intellectual development of 
tho students, and which serve to promote thoir progress in 
either their own country or any other. Amongst these are— 
languages, English, French, eto.; building arts; history—not 
motely of thoir own ooimtry, but universal history—and social 
science. 

Some statistics in relation to this Technical University, 
which may bo taken as a typo of what such an Institution 
should be, cannot fail to be interesting to tho reader. In the 
year 1869-70 tho Folytochnio School was attended by 384 
persons, of whom 197 were students of the previous year am? 
187 were new j of this number 322 wore regular students, and 
62 persons admitted to individual courses of leoturos; 88 
entered tho Lowet, and 296 tho Upper School. This shows that 
although tho standard of the matritmlation to the Upper School 
is very high, tho Ijowor School is doing its work of prepaia* 
tion efiicientiy; and oven more tiuin this, it proves tiust the 
scientific onltnre in other schools in Germany most be of a most 
efficient character, for supposing that the whole of tho 197 
students remaining from the proviuns year had been drafted 
into the Upper School—^which, as tho courses <ff study in the 
Upper School extends over four or five yearn, is not likely 
—^there would still remain 99 students who have been sup¬ 
plied by other schools, without counting the 62 who have 
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entered for speoiel eonraee of leotoree only, from whom ,'m 
already stated, no examination is demanded on entering; but 
it is evident that as all the lectures are of a sound and 
eminently ptaotioal character, and not likely to attract persons 
who ooidd not follow the teaching and benefit thereby, the 
rudimentary teaching these have received must be of an efficient 
character. 

It is neoesaary to say that the advantages of this institution 
have not been confined to Germany, but that students have 
entered from various parts of Europe; thus, the 384 students of 
1870 are composed of 105 from the province of Hanover, 154 
from other parts of Germany, 4 from Norway and Sweden, 5 
from Bussia, 3 from Finland, 4 from England, 12 from the 
Netherlands, 1 from Italy, and 7 from America. 

The advantages to bo derived from institutions of the kind 
we have Just described cannot bo rated too highly. Up to tho 
present time nothing approaching tho Polytechffie School of 
Hanover, either in oonstitution, management, or purpose, has 
been established in this country; but tho movement in this 
dirootion in the establishment of tho Whitworth Scholarsbipi., nnd 
other aids to tho advancement of praotioal science, will doubt¬ 
less end in tho formation of a university which shall stand in 
the same relation to art-knowledge and science that Oxford alu^ 
Cambridge now oooupy towards the learned professions. 

l.XNI>lKa AMD BSVSBKNCX DIBKAKY. 

The library is open on all week days from nine to twelve 
in the morning, and on Mondays, Tuesdays^ Wednesdays, 
Thursdays, and Fridays, from half-past two to four o’clock in 
the afternoon. 

The library is also open from twelve to one o'clock on all 
week days during vacations—a great privilege to students 
residing in the neighbourhood who may wish to consult somo 
book of roferenoo. 

Students borrowing books are enjoined to tako groat care of 
them, and are strictly forbidden to make any notes or remarks 
on the pages; they ore, however, requested, should they feel 
that any remark tliey might make, or any solution of a problem, 
«to., which may occur to thorn might be of sorvioo t<j others, to 
write tho same on a soporato slip of paper, and place it in tho 
hook. 

The benefits of tho library are not rostrictod to the students, 
hut persons resident in Hanover and tho neighbourhood aro 
permitted to borrow books—an iiitroduotion and guarantee 
being signed by a householder or other x>erson of position. 

Frasons borrowing books from tlie library aro not allowed to 
lend them to others, without special permission in writing from 
tiie seeretoiy of tho library. Tho original borrower is still, how¬ 
ever, held roeponsible for tho book. Ho is required to sign tlie 
Teoeipt for it, and to insert in it the name and addroes of the 
person for whom he is borrowing tho book. 

School books, dictionaries, and other books of reference are 
not lent out, neithor are books of engravings. Those are, 
however, allowed to be taken into tiio class-rooms when 
required for tho purposes of study ; but in that cose they are 
considered as borrowed, and tho proper receipt must be signed 
for them before th(>y two taken from the library. 

living thus given a detailed account of this great Poly technio 
University, we will next proceed to consider the extended system 
for the education of workmen and their children, and for this 
purpose we will describe the whole group uf schools so efficiently 
oarried on in tho kingdom of Wurtomberg. 


PROJECTION.—VIII. 

BECTIOKS OF CONES AND PENETBATIONS OF SOLIDS. 
•TEX PABABOLA. 

Ir a cone be out by a plane parallel to one of tho sides of the 
triangle which forms its elevation, the sootiou is called a 
pQrahoki. 

Fig. OS,—2b draw ihe parabola whifJv shall 6c the true shape 
qf the section of the cone ABC, on the line D B, which is paraUel 

io OB, 

IHvide ■ D into any samber of parts, in v a h, and through 
these points draw linee puallel to ^e baee, meeting the sides of 
thetri«Dglein/,j|i,h, ton each nde. Now it will be evident that 
all eeotions of a right eone whioh axe pozaM to the baee most 


be ciroles; and therefore, ae the baee A B of the elevation is 
represented in the plan by the oirole a' b', the line / / in the 
elevation will be represented by the circle / in the plan; and 
elmilarly, the lines g and h in the elevation booome oiroloe 
g and h in the plan. 

From b in the elevation draw a perpendioular, whioh, paaeing 
through the plan, will give the line n* s'. This is the line where 
tho section-plane, entering the cone at D, wiU out the baee. A 
perpendioular dropped from d will mark on the diameter the 
plan of the top of the section—^viz., d'. 

An additional point, i, has been inserted between K and D, in 
order to gain more points for tracing the curve. This point is 
to be worked similarly to tho others, 

It has been shown that tho section-plane outs the elevations 
uf oirolos fghiinrau i,and therefore perpendioularsdropped 
from those points to out the plana of these ciroles, will give the 
points /, g, h, i in tho plan. Tho curve drawn through these 
Iioints, tiigethoT with tho straight line e' e', forms the plan of 
the parabola, being tho view of the slanting surface e D as seen 
from a point uf view immediately over the cone. 

To draw the true shape of the section, draw a fine D" e" 
panillol to D E, and from D, s, F, a, u, i draw lines at right 
, angles to d x, passing tlirough d" e'' in F*, o', u', i'. On each 
hide of those points, mark on tho lines drawn through them tho 
rlistanooa whioh tho points e', e', /, g, h in the plan are from the 
diameter A B —viz., /, g, h. Through these points draw the 
carve, whioh will bo the true parabola formed by the ])lane 
cutting the cone in tho line D k. 

i> 

THE HYPKEBOLA.. 

Fig. 96.—When a cone is ent by a plane which is parallel to 
t!-'o axis, the section is called the hijfierhota. 

In this case tho object of the lesson is to find tho true section 
of the cOnc, caused by a piano, of whioh D e is the edge elevation, 
cutting it paraUbl to the axis. Rotate the cone on its axis so 
that tho section shall face tho spectator, in which position (Fig. 
97) it will evidently bo parallel to tho vertical plane. Now from 
c in the plan, draw any number of cirulos, cutting tho line e c in 
f, g, h. 'The diameters of those circles will be marked by tho 
points f, g*, h'. From those draw perpendioulars cutting the 
side of the cone; and the lines g“, h" drawn parallel to the 
base will give thoir elevations. Now from tho points ia the 
plan where tho section-line ents the circles—viz., points /, g, h — 
draw perpendiculars cutting tho linos g", h" in /, g, and h; 
then from l> (Fig. 96) draw a line to out tho axis in p', and 
perpoudionlars from s' e to cut the base of the elevation in e e. 
The curve drawn through all these points will be tiie required 
hyperbola. 

THE rENKTKATION OF SOLIDS. 

When one solid meets another it is said to penetrate it, and 
the development of tho form generated at the intorseotion of 
the bodies is a study of the utmost importance to artisans. 
The lessons we are now giving on this subject oommence witii 
those of the most elementary character, and advance by very 
gradual stages. Only fundamental prinoiplos are, however, 
developed, in ordor to prepare the student for the advanced 
studies whioh will be given in eubsequont lessons adapted to 
the respective branches of industry. 

Fig. 98 represents the plan and elevation of a square prism 
penetrated by another of emallor size, their axes* being at 
right angles to each other, and two of their fooes being por^eL 
The figure at this stage is so simple that it requires but little 
explanation. The points not visible in tho present view, owing 
to their lying oxac^y beyond others, aro marked with letters 
corresponding to those on the points whioh are in front of them, 
with tile addition of a dash ('), and the points themselves will 
become visible in Fig. 99, where the object is rotated. 

Fig. 99.—Flaoe the plan at any angle (as required). The 
projection will then be aooomplished, as in previous figures, by 
drawing porpendioolaiB from' tho points in the plan, and inter¬ 
secting them by horizontaJs from the corresponding points in 
the elevation. Points a and R will mark the line of penetra¬ 
tion—tiiat is, the line at whioh the smaller prism enters the 

Fig. 100 is the devtiopment. The widths of the eides being 
equal to A B, and the length to the height of larger prism, 
the aquaies represent the cavities through which unallei 
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THE TBOHNIOAL EDUOATOE, 


NOTABLE INVENTIONS AND INVENTORS. 

in.-OMK3KS AND WATCHES. 

BY JOHN TIUBB. 

AliTKOtroH the aetion of tho varions maohineB used for meosnr* 
inf time ia founded on the moroments of hodlea, and its 
prinoiplee are derived from aritliinetio, meohanios, geometry, 
and physios, there can bo no doubt that the heavenly bodies 
originally gave rise to the incasnromont of time, and that man¬ 
kind was induced, from an observation of their motions, to 
adopt their present mode of dividing it. Sun-dials, -which show 
appewnt time, and clepsydruj, or wator-olocks, which give a rude 
approximation to moan time, were the earliest machines used 
in the measurement of time, h'or this purpose also certain 
pieces cd meohaniem are kept in motion either by a falling 
weight, or by tho elastic force of a spring, and which have 
received names varying according to tlie duties they have to 
perform; thus, the torm timo-picoo is applied to any piece 
i which is intended merely to mark the time without striking tho 
hour; a clock is one, which in addition -to showing tho time, 
atrikos every honr, on a bell or spring, a number of strokes 
oorresponding to tho hour of tho day or night indicatod by 
the hands at tho time. , 

The snn-dial of King Ahaz, who lived about 742 years before 
Christ, is the first on record. The first constructed on matho- 
matioal principles was placed at Homo, u.c. 293, until wtiieh 
period the heavenly bodies appear to have been the only 
measure of time known to tho Bomans. Tho most perfect snn- 
dial was, however, uimvailablo when the atmosphere was 
charged with clouds; honoo the dropping of water, being nearly 
a regrular motion, was, at a remote period, applied to the 
. measurement of timo. About tho yoar b.c. 145, Ctosibius of 
Alexandria invented a clepsydra, and he is even said to have 
applied toothed wheels to water-clocks. In tho year a.d. 890 
the Caliph Haroun al Basohid presented to tho Emperor 
Ohorlemagne a clepsydra of gilded bronze, whioh is stated to 
have performed many wonders, altogether inorediblo; it is, 
however, the first time-keeper whioh is recorded to have etrnclc 
the hour. Alfred the Great, we are told, moasnrod timo by 
burning wax-candles marked with circular lines to indieate tho 
haars; but these most have been imperfect timo-koepors. 

By whom was first invented the clock with wheels having a 
balance, it is hard to say ; it was, however, originally called a 
horologe, the word clock (probably derived from the French 
eloehe, a bell) being applied even so late as the fourteenth 
oentoiy to the bell which was rung to announce certain hours 
indicated by the sun-dial or clepsydra. Tho word horologe 
being formerly applied indiscriminately to a dial os well os a 
olook, nothing decisive can bo inferred from its use. A method 
of making olooks without the assistance of water was known 
idmut the yoar 1120, and they wore set up in churches as early 
a> 1174. Towards the middle of tho thirteenth century a 
^ Saracen is stated to liave roceived a snm equal to ^2,000 for 
I having made a olook moved by weights. This maoWo was 
{afterwards presented to Frederick II., Emperor of Germany. 

The first author who has applied the term horologe to a 
/olook appears to bo Dante, who was bom in 12C5, and died in 
^ 1321. It would thus appear that striking clooks wore kno-wn 
In Italy as early as the latter part of tho thirteenth or beginning 
of the fourteenth century. In tho reign of Henry VI. a pen¬ 
sion was gianted to the Doan aTid Chapter of St. Stephen's for 
taldiig charge of a olook placed in a turret in Palace Yard, 
opposite to Westminster Hall, whioh clock was the work of an 
^glish artist It was erected in the timo of Edward I., A.D. 
1283, from a fine imposed on tlie Chief Justice of the lung's 
Bench. This famous elochcbrd, or bell-tower, was built in &e 
reign of Edward 111., 1865-6, and Henry VI. gave to tho Dean 
the keeping of this olock, with 6d. per day, to be rooeivod at 
the Exchequer. About the same time a olook was placed in 
Canterbury Cathedral. Then -we have an authen-tin aooount 
° of one of the eorlieet astronomioal olooks, a dock invented by 
i Biohard Wallingfi»d, abbot of St Albans, who, in 1326, had 
, it placed in the monaistery. It showed the hours, tho apparent 
motion of the sun, the changes of the moon, the ebb and fiow 
of the tide, etc. In the time of Heni^ VUL, Leland said, “ All 
Europe could not produce such another.” 'Wallingford’s 
wsQonnt of this olook is preserved in the Bodleian Libnoy. 
?7hen the inventor had finished tiiia olooli^ ao aoaroa was il^ 


knowlodj^ of mechanios, that he was obliged to compose a book 
d direotione for managing and keeping the olook in ordw, lost 
it should be rained by the ignorance of -the attendants. The 
old clock in Wells Cathedral (removed from Glastonbury Abbey | 
at the Boformation) was constructed about the year 1320, by s, 
Peter Lightfoot, a monk of Glastonbnry; the diid showed the ! 
motions of tho sun, moon, etc. On the top of the olook e^bt < 
armed knights saluted each other with a rotatory motion. 

In 1344, James Dondi, oitizon of Padua, philosopher, i 
physician, and astronomer, constmeted for his native city a \ 
clock similar to Wallingford’s; this, obtained for him the name ' 
of Hotologions, and his family existed at Florence till our time, 
and bore his name. His son, John Dondi, made another clock { 
for tho city of Pavia. About tho same -time one still more com-1 
plioated was mndn for Padua by William Zealaudor. Clock- i 
making also flourished in Germany, particulnrly at Nuremberg, > 
about tlio begfinniug of the sixteenth century. The middle 
of tho fuurtuenth century seems to afford the first certain 
evidence of what would be now called a olook, or regulated 
borological maohino. There is a clock in Dover Castle, dated 
1343; and tboro is in Peterborough Cathedral a clock still in , 
use as to tho striking parts, of which the combination is very ' 
like that of tho Dover Castle olook. It is said that the first 
clock at Bologna was fixed up in 1368. Hoiiry do Wyck, a | 
German artist, placed a clock in tho tower of the palace of , 
Charles V., about 1304; Edward HI. gavo protootion to three - 
Dutch horologiors, who were invited from Delft into England 
in 1,358; and this appears to have boon tho probable introduc¬ 
tion of clockwork inco England. The origin of tho famous 
clock in Sirasburg Cathedral dates fror^ 1352: tho artist’s 
name is nuknovro, but the clock was a highly suecossful work' 
of the art of the poriod. It was divided into throe ports—a 
univursal calendar, an astrolabe, and figures of three kings and 
tho Virgin carvqd in wood. At tho striking of each hour the 
three kings bowed to the Virgin, whilst a carillon played a 
oheorful tune, and a cock crowed, and flapped its wings, 
olock being out of order in 1547, its repair was entrusted to 
the ohargo of throe mathematioians of high repu-to : they died ' 
before their work was finished, but it was taken up by a pupil 
of one of them, Count Dasypodius, who completed his task in 
four years. The olock wont well until the year of tho great 
revolution, when it struck for the last time. Nearly fifty years 
passed, when one Sehwilgeii, a mathematieian of Strasbnrg, 
repaired and reinstated tho olook, in four years, from June 24th, 
1836 •. its mechanism was placed in tho old case, the figures , 
being inoroased and improved by jointed limbs. The quarter 
chimes are struck by four figures whioh move in a oirolo around 
a skeleton mowor; tho hour bell is struok by a figure of an 
angel turning an liooi-glass, through whioh sand runs. Every 
day at noon there is a procession of the twelve apostles ronnd 
a figure of tho Saviour; tho oook flutters his wings, opens 
his beak, and crows throe times. The dock shows the month, 
the day of tho month, the sign of the zodiac, tho Dominical 
letter, tlie sidereal time, the Copoinican planetary ^system, and 
the preoession of tiie equinoxes; and its mechanism msaks tiie 
29tb day of February in every leap yoar. Tho full mechan¬ 
ism is set in motion at noon only. Fortunately, this ourions 
clock -was not injnred during tho destructive siege of Strasbuif 
by the Prussians in 1870, though tho cathedral did not esoape. 
Lehmann informs us of a clock at Spires -with such meohanism ' 
ill 1395. Nuremberg had a publio olook in 1402. AuxeriB 
hod one in 1483, and Venice in 1497. Tho clock in the north 
tower of Exeter Cathedral has two dUs, and its oonstmetion 
is referred to the reign of Ed-ward III., when the soienoe of 
astronomy was in ite nonage, and the earth was nnivezially 
regarded as the central point of the universe. The upper diso 
of this olook, wliich was added in 1780, shows the ifimatM. 
The honr disc is divided into three ports; the figure of the earth 
forming the nnolons of the innermost drole, that of the son 
traversing the enter space, that of the moon the intermediate 
one. The son is stamped with a fleur-de-lis, the upper end 
pointing to the hour of the day, the lower to the age of tiie 
moon: vriiile the figure of the moon is made blaok on one side, 
and moved by the olockwork, ao as to imitate the inconstant 
criginaL 

In 1382, the Doke of Bazgnndy ordered to be taken vmf 
from the oily of Courttay, on the entry of the Frenoh army, a 
dock whioh etmbk the hour, and whi^ was the beet at that 
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time known; the Doke .bad it brought to Dijon, his capita], 
where it may be seen in the tower of Notre Dame. The oatiie* 
dial elook at Lyons, dated 1385, was nearly as curious as the 
above. It resembled in its moohouism the Stiasburg clock: 

I two horsemen hod a combat on the dial-plate; a door oiieued 
j and displayed the Virgin Mary with Jesus Christ in her arms ; 

! the Magi, or Wiso Men with their retinue, presented their 
; gifts, headed by two trumpeters playing. La Qros»e Horloge 
at Bouon is chiefly remarkable for its groat size. The cathe¬ 
dral clock at Lunden, in Denmark, said to have been constructed 
in 1390, must have been copied from Lyons catliodral clock; in 
the dial are seen the year, month, week, day, and hour of every 
day throughout the year, with the feasts movable and fixed, 
and motion of the sun and moon; the clock strikes by two 
horsemen in encounter giving as many blows as the bells 
sound hours ; tho Virgin Mary, enthroned, with Christ in her 
arms, tho Magi, otc., us are shown at Lyons. Lubcck cathedral 
clock, date 1405, represents the changes of the heavenly bodies 
until 1875; when it strikes twelve, a number of automaton 
figures are sot in motion; tho Electors of Qormatiy enter from 
a small side-door, and inaugurate tho Em]>oroT, who is seated 
upon a throne in front. Another door is then opened, ond 
Christ appears, when, after receiving his benediction, thu wliolo 
cavalcade retires amidst a fiourish of trumpets by a choir 
of angels. On each side are bas-reliefs of passages in tho life 
of our Saviour; in that of tho Last Supper a mouse is peeping 
from beneath the table-cloth—tho mouse represonting tho 
armorial bearings of tho once puissant Lubeck. The simi¬ 
larity of tho above clocks has led to tho •supposition that they 
were eonstructod from a design under Papal authority, to cause 
wonderment in tho people. 

About 1525 the clock of St. Mary’s, Oxford, was furnished 
out of fines imposed on tho students of tlio University. In tho 
middle or elook quadrangle of Hampton Court Palace, over tho 
principal entrance, is, according to Dr. Durham, the oldest 
Eimlish-made clock extant, constructed in the year 1540, by a 
muer of idle initials “N. O.” 'This clock cuntains moobanism 
for representing the motions of some of the heavenly bodies. 
Copernicus was living at the time of its date, but more than a 
century elapsed after this time before tho invention of the 
pendulum was applied as the regulator of clocks. These facts 
render wheolwork of this ancient clock, and especially its 
celestial mechanism, very interesting. Dr. Dorham, desoribing 
it in bis “ Artificial Clookmaker,” 1714, states that tho Hamp¬ 
ton Court clock shows the time of day, and tho motions of the 
sun and moon, through all tho degrees of the zodiac, together 
with the days of the month, the sun and moon’s plaoo in the 
ecliptic, the moon’s southing, etc. Langley Bradley repaired 
it in 1714, and it was again altered and repaired somewhere 
between 1760 and 1800. Tho ostronomieid furniture is in- 
oorreotly attributed to Thomas Tompion, the oelobratod clook- 
maker, but ho died in 1GG9, or about 129 years after its con¬ 
struction, though he might havo been employed upon it (see 
Henderson’s^ “ Horology,” pp. 16, 18, 2nd edit. 1836). ’The 
dial, and iiart of the wheel attached to tho back of tho dial, 
atm remain. About tho year 1560, tho Danish astronomer, 
Tycho Brahe, possessed four clocks, which indicated tlio hours, 
minutes, and seconds; the largest of these hod only three 
wheels; one was about three feet in diameter, and liad 1,200 
teeth in it, a proof that clockwork was then in a vary imperfect 
state. In 1577, Moestlin bad a elook so compacted os to 
moke just 2,528 beats in an hour, 146 of which were counted 
during the snn’s passage over a meridian or azimuth line, 
and thereby determined his diameter to be 34' 13"; so tho 
aoienoa of. astronomy began thus early to bo promoted by clock¬ 
work; and astronomy, in its turn, gave rise to some of tho 
most essential improvements in olookmaking. Mortinelli, in his 
work printed at Vemoo, 1663, describes an old clock going in 
his time in the Grand Piazza, in which two Moors etruok tho 
hour upon a bell, three kings entered from a door, and after 
making obeisance to figures of the Virgin and Child, placed in 
a niche, retired through a door on the opposite side. John 
Evelyn relates that about the middle of the seventeenth oeutnry, 
a man was kBlod by this famons dock: “ While repairing the 
works, he stooped his head in such a position, and in snoh a 
nick of time, that the quarter boy stmok it with hui hammer, 
and knocked Mm over the battlements.” 

In the palace of Versailles are two onrions dooks, one being 


tho clock of the king's death, in the Coitr de Marbre, This; 
dock has no mechanism, and has only one hand, which »- 
placed at tho precise moment of tho death of the last king; 
of Franco, and is not moved during the whole of his sucoessor’a; 
reign. This custom dates from the time of Ixmis XIII. In 
the saloon of Mercury is a clock dated 1706 ; each time that it 
strikes, two cooks flap their wings, small doors open, and two 
figures advance, holding bucklers, on which Cupids strike the 
quarters ; a figure of Louis XIV. steps forth, and from a cloud. 
Victory descends and places a crown on tlie king’s head; the 
puppets all disappear, and the hour strikes. A story told of 
Louis XI. (King of Franco from 1461 to 1483) shows that 
horology had then made great advances. A gentleman who 
had lost a great deal at play, stole a clock belonging to the 
king, and hid it in his sleeve ; in a short time, tho clock, which 
continued to go, uotwithstaudiiig its removal, stmok the hour, 
and the theft, of course, was discovered. Louis, as capricious 
in kindness as in tyranny, not only pardoned the culprit, but 
made him a jiresont of tho chx-l:. It was customary formerly, 
in several French towns, to in.ilco clcchs toll the hour by means 
of one or more statues, which struck the bell with hammers. A 
similar custom prevails in Italy. In thu little town of Lambox, 
^hero is on the top of a tower the figuro of a man who strikes 
the hour in tliis mannbr ; at tho same instant, a woman appears, 
and makes him a low curtsey, and then walks onoo round him. 
Portable clockwork exhibitions of soenorios, tho life and 
death of our Saviour and the Blessed Virgin, and models of 
Nazareth, Jerusalem, and Mount Calvary, are among the attmo- 
tions of IVunch fetes. Invention yian, for a time, limited to 
enriching clocks by tlio addition of moving figures, processions 
of saints, with tho Virgin, reprosontations of mysteries and 
pious Bubjocis; while others were made by the more learned to 
represent tho motions of tho heavenly bodies. Of this class 
were tho two “ wooden hotologists’ ’ of St. Dunstan’s, Fleet Street, 
which struck tho quarters upon a suspended bell, each moving 
his head at tho same time. These figures of savages, life size, 
carved in wixid, stood beneath a pediment, each having in his 
ri;(ht hand a club, with which he struck the bell. When the 
ohuroh was taken down, in 1830, they wore purchased, witii 
tho bolls, for .JB200, by the Marquis of Hertford, for his villa in 
Begent’s Park. ’There is a like contrivauco to tho above in 
Norwich Cathdtlral; and a general name for these figures was 
“Jacks of tho Clool^onse.” 


TECHNICAL DRAWING.—XL 

DRAWING FOB CAUrENTERS AND BUILDERS. 

l>KVEI,OrMKNT OF THE SURFACES OP ROOFS. 

AiiTnouoH the whole subject of tho development of prisms is 
treated in lessons on “Projection,” it is deemed desirable to 
give two examples here, showing tho immediate application 
of the principles to roofs, in order to enable tho student to 
find tho exact sbapea of the surfaces of which they are com¬ 
posed i and, 03 in tho case of a hipped roof, tho length of tho 
hip-rafters. 

Fig. 82.—In this figuro, ahe dia tho plan of tho building to 
bo covered with a hipped roof. 

To draw tho plan of tho roof, bisect the angles of the paral¬ 
lelogram, and the bisecting lines meeting in e and / will form 
tho x>lans of tlio hip-lines, aud tho lino joining e and/ will bo 
thu plan of tho ridge. 

It is now required to project tho elevation from this plan. 
To do this, draw any horizontal line, as a JJ (Fig. 83', and the 
perpondicnlars from c, e, /, d, cutting a b in j;. It, i, J, and pro¬ 
duce h and i indefinitely. 

Produce tho perpendicular at e until it reaches I; then it 
will be clear that it { is the width of the roof-trusses (at k I and 
OT w), which would be at right angles to tho sides a b and e d. 

Draw k' I' (Fig. 84) equal to k I in Fig. 82, and at the middle 
point, o, draw the porpondioular, o p, equal to tho real height 
of the truss, which is, of course, a matter deiiondent on the 
design of tho arohitoot. This triangle, then, will be tho shape 
of the truss at this point, and is the section acre** the roof. 

Make fc q and t r in h'ig. 83 equal to op m Fig. 84; draw g q, 
q F, and r /, which will complete the elevation ; and this will 
also be the longitudinal section through the ridge. 

We now have to find the real length of the hip i to do this 



MS 


THE TEOHNZOAL EDUOATOB. 


imwf* (Fig. 82) eqwil to op (Fig. 84), and at rig^t angle* to then the tnpeaoid e v io d is the development of one at the 
fd; join dti then the (ight>angled triangle d / • is the true planes fonning tiie side of the roof-oovering. The same length 
shape ct the hip>tarnss. This will be nnderstood by catting a set off on the perpendioulaxa I, n will give ^e points e, y, whiih. 
piece of oardboi^ of this shape, and placing it on its edge on will complete the fourth plane. 

df, then it will be seen tiiat d s will be the lengtii of the hip. We will now proceed to find the form of the hip when tha 
To develop the covering of this roof:—It will, of course, be roof is a groined one. 



understood that ^is will consist of four pianos, which will meet 
at the hip'lines. Now, it has already been shown tlmt the ends 
are triangles, of which a e e and h f d are the plane; the length 
at lines a e and b d remains unaltered, but the real length of 
et,ae,hf, and df has been proved to be d *; therefore on 
d h and a e constmet isoscetes tr^gles, having d s for the two 
sesDsining sides s these triangles then, ate and bud, aie the 
^ne shape of the coverings of the ends of the roof. 

Now ^m e and d, with radins e t, describe ores cutting the 
pecpendicnlars i and m ki v and w; join die,ve, and u) v; 


Let me ask yon to imagine yourself standing on the platfomt 
of a railway at the side (d a eemi-oironlar arch by wU^ a road 
is carried over it; yon will then see that whilst the face or 
elevation of the arch where it crosses the railway at right 
angles is semi-cironlar, its span being of oourse the diameter of 
the oirele of which it is the half, the length from the springing 
near which yon are standing, to '&e most distant q>ringing 
(that is, the one cm the opposite side of the line at the other 
end of &e aroh) will be mu^ longer; yet the arob there is wt 
any higher, although its span thus tahoa ocosawise is longer^ 
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beoauu the diagonal of a aquaro or other reotangle ia longer 
thim aithw of Ha aidea. The^^rinoiple on which to find the ataii^ 
of the oarre whioh wonld reach from the apringing at which joa 
are atanding to the one referred to, ie alao ahown in Fig. 85. 

On a h describe a semicircle, and divide it into any number of 
equal parts in the pointa 1, 2, 3, 4, etc. From these points lot 
fall perpendiculara on a b, and produce them downwards till 
they out the diagonal a e in the pointa 1', 2*, 3', 4’, etc. Now, 
from the points where the linos 1', 2', 3', 4 ', etc., cut a e, draw 
lines perpendicular to a e ; mal:e each of these equal in height to 
those correspondingly lettered in the semicircle, and the curve 
drawn through their extremities will bo the form required. 

Fig. 86.—Here a. b c i> is the plan of a building to bo covered 
by a groined roof. 

The arch, the springing of whioh is A c and B d, is a semi- 
cylinder. 

The arch whioh haa its springing in A b and c s, being of 
the same height but 
of wider span, is a 
somi-eytmdroid. 

A cylindroid is a 
' solid body of the cha- 
ranter of a cylinder. 

But whilst in a cylin¬ 
der all sections t^en 
at right angles to the 
Otis arc circles, in the 
cylindroid all such 
sections ate ellipses. 

It is, in fact, a flat¬ 
tened cylinder. 

The carve at the 
gioin, then, is gene¬ 
rated by the penetra¬ 
tion of a cylindroid 
and cylinder. 

On A B describe the 
semicirale whioh re¬ 
presents the form of 
the arch at the ends 
A B and c s, and 
divide ip into any 
number of equal 
ports, a, b, e, etc. It 
is only neoeasory to 
use tho gnadrant, as 
throughout the work¬ 
ing tho measuremonts 
are the same on each 
aide. 

Draw the diagonals 
A D and B c. 

From a, b, e, d, e, j 
draw lines _ perpen¬ 
dicular to a' b, and 
cutting the diagonal a s in a', V, e’, d', tf, f, and set off the 
Bsmo diatanoea on the other half of the diagonal. 

From these points draw linos at right angles to A c, and 
passing through it in points 1,2, 3,4, 5, 6, 7, 8, 9,10,11; mark 
off on the perpondicnler 6 tho height of 6 / oqnal to tho height 
of the semioirole /, and on tho perpendiculars 5, 4, 3, 2, 1 mark 
off in Bucceasion ihe heights of the perpendiculars c, d,/, c, b, a, 
as conttunod between the semicircle and tho diameter. Sot off 
the same heights on tho corresponding perpendicular i on the 
other side of 6 /, and the curve traced through theao points 
will be a semi-ellipse, which is the section of tho somi-oyliudroid 
forming the arch of which A B and c B are the springings. 

Wo now proceed to find tho curve of tho groin; and it will 
be evident that, although the span is still farther increased in 
length, the heights of the different points in the curve will be 
the some as in both the previous elevations. 

The span, then, of the arch at the groin ia the diagonal a d 
(or B c), to whioh the divisionK a', b', e', d', e', f have already 
been tmsferred from the semicircle, and from these tho lines 
were carried at right angles to A C, on whioh the heights of the 
points in the curve ware set off. 

Those points on the diagonal, then, will be seen to be common 
to both andies, aiace th^ are the plans of the pointa in the 


roof where the oylindrical and cylindroidal bodies penetrate 
each other. At these points, therefore, dnw lines perpendicular 
to the diagonal, and mark off on these tho heights of the per- 
pendioulars in the semioirole from whioh the points on whidb 
they stand were deduced. Those extremities being connected, 
tho curve so traced is the groin curve, and will give the shape 
for tho centering for tho groin, as tho somi-oirolo and ■».Tni . allip«a 
will for those used in the elevations of tho arches. 

It now only remains to develop tho soffits or under surfaces. 

Fig. 87.—Draw any straight line, and commencing at a set 
off on it tho distances into which the curve A o is divided 
(measuring on the curve, not on the apringing-line), namely, the 
distances A a, a, 6 b, ec, etc. 

At the points on tho straight line thus marked, draw per¬ 
pendiculars ; make tho middle one equal to 6 /. those on c, e 
equal to 5 e, those on d, d c<]ual to 4 d, those on e, c equal to 
3 c, those on b, b to 2 b, and these on a, a equal to 1 a. Join 

tho extremities of 
those perpendiculars, 
and the two curves 
meeting in a point, 
and joined 1^ the 
original straight line, 
will form the develop¬ 
ment of the soffit of 
the oylindroidal arch. 

Fig. 68 is the de¬ 
velopment of the 
semi-cylindrical arch. 
As this is worked in 
precisely the same 
manner from the 
semicircle, no farther 
instructions are 
deemed necessary. 

Fig. 89 is tiio plan 
of a building to be 
covered by a roof of 
n pyramidical form, 
tho hips, however, 
being carved instead 
of straight, so tliat 
the roof is really a 
square dome. 

Now in this case, 
the given rib crossing 
from B to B, and that 
whioh would cross 
it at right angles 
through the centre, ia 
shown’ at B, whioh ia 
the form of wooden 
centering which would 
bo used to divide the 
semicircle ;.into any 
number of equal parts. Draw diagonals in the square, and 
from the divisions in the somicirolo draw linos perpendicular to 
the diameter, and cutting tho diagonal; at these iK>lnts erect 
perpendiculars, and make them equal to those in tho semi¬ 
circle; then the curve drawn through their extremities will 
bo the shape of the hip. This is shown lying down in the 
illustration, and the student ia advised to cut tho form in. 
cardboard, when by standing it on its edge against a semi¬ 
oirole placed on tho line b b, he will be able thoroughly to 
comprehend the difference between the forms causod by their 
positions. 

When a roof is constructed as in tliis figure, but tho curve is 
truncated, or cut short by a flat surface, it is called “ coved 
and flht.” 

Ceilings are Bomotimos built in this manner. They fom a 
sort of compromise between a flat coiling and the various 
arched forms practised by the ancients. They do not require 
so much height as the latter mode, and have therefore been of 
oonsiderable use in the finishing of modern apartments; but. 
although tho form ia admired by many, it naturally is wanting 
in the elegance and grandeur of entire arched ceilings, nor 
does it ad^t of that beauty of decoration of which they ore 
susoeptibla. 


Fig. 89 
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AGRICULTUKAL CHEMISTRY.—IV. 

BT OH^BIJES A. OAUXBON, XJ}., BH.D., 

Frofenor o{ Hyglcnlt tn th* Bojral College of Batgeone, Ireland, eto. 
CHAPTEB rv.—FOEMATION AND COMPOBITION OP SOILS. 
The solid “crnst" of the globe is composed of substances 
termed rocks by the geologist, whether they exist in the enor¬ 
mous compact masses popularly known as rocks, or in the 
slightly oohereut states called clay, gravel, sand) etc. Granite, 
gneiss, tthp, basalt, sandstones, limestone, and various other 
minerals, constitute the solid rocks. They are composed of the 
metals potassium, sodium, magnesium, calcium, aluminum, 
and iron, united with the metalloids (non-metals) oxygen, car¬ 
bon, silicon, sulphur, and phosphorus. Tho metal manganese 
occurs also (and very commonly) in rooks, but only in small 
quantities; and the metals barium and strontium are also 
ocoosiunally found in masses of rock. Fluorine combiued with 
calcium (fluoride of calcium, or fluor spar) is also met with in 
rooks, but in comparatively minute quantities. The great bulk 
of rooks is made up of the elementary substancos silicon, oxygen, 
carbon, aluminum, and calcium. 

Silica, or silicic acid, is composed of 46'7 parts of silicon 
ccflfni^d with 53‘3 parts of oxygon. It oonstitutus tho gre.at' 
bulk of most kinds of rook, such as granite, gneiss, and basalt, 
and it is tho chief constituent of such common minerals as 
felspar, mica, hornblende, and moersohaum. Quarts, flint, rock 
crystal, jasper, chalcedony, and agate ore varieties of silica. 

AlaminQ{q,j8 a white, malleable metal, about ono-third tho 
woi^fftt "brSver. It is but very slightly affected by the air. 
53'^ parts of this motal oombined with 4(!'C1 parts of oxygon 
oonstitnto the earth alumina. The latter, when artificially pre¬ 
pared, is a white snbatanoe, insoluble in water, but possessed 
of a great tendency to combine with that liquid. Tho in- 
tensely hard mineral oorundum is pure alumina; and emery, 
and the beautiful gems termed the sapphire and tho ruby, are 
slightly impure varieties of this earth. The plastic coustitnont 
of clays and porcelain earths is alumina; and this body is tho 
boaia of bricks and pottery. Tho affinity which alumina has 
for moisture may easily be proved by applying the tongue to a 
brick or piece of unglaaod porcelain. 

The motal citiciam, united with oxygen in the proportion of 
71*43 parts of the former with 28*57 parts of tho latter, consti¬ 
tutes the earth lime, or caloio oxide. This body is white, and 
is about three times the weight of water. When watior is 
poured upon lime, they combine, tho earth swells up, and 
(unless there be too much water) crumbles into a fine powder. 
Daring this process a large amount of boat is evolved. This 
oomponnd of water and limo is termed slaked Unit, or calcic 
hydrate (formerly, hydrate of limo), and is largely employed as 
on ingredient of mortars and cements. Limestono and marble 
ore essentially bomposed of lime, or calcium in union with car¬ 
bonic dioxide. When either mineral is highly heated, carbonic 
dioxide is expelled, and calcic oxide (quick or burnt limo) 
xemains. The important earthy salt gypsum, or plaster of 
Baris, is calcio sulphate; and trioalcio diphosphate is (mo of 
the most valuable earthy compounds used in agricnlturo. A 
large number of mineralk containing trioal<flc diphosplwto exist, 
and ore employed for agrioultui'al purposes. 

The metal magnesium ooonrs far less abundantly than calcium. 
60*28 parts ^ this motal and 39*72 parts of oxygmt form tho 
earth magnesia—a bulky, white, tasteless ]X)wder. Dolomite is 
a compound of caloie carbomto and magnesio carbonate, *tind 
the well-known Balts aro magnesio sulphate. Magnesium 

ooours in all f»^e soils, and in a great variety of minerals, 
each as, for example, chrysolite, French chalk or steatite, moer¬ 
sohaum, serpentine, and asbestos. 

Geologists have not been able to penetrate very far beneath 
the surface of the earth; eonseqnently, the composition of all 
but the more sldu, so to speak, of our globe is unknown to us. 
So for as we have penetrated, certain kinds of rooks have been 
found in layers or beds termed strata, overlying each other in 
regular suooessiem. Oooasionaliy tho strata have a horizontal 
diraotion, but more frequently ^ey form an^os with tho sur¬ 
face ol ^ earth. 

The atratiUled* rocks sre termed agueous, because it ds be- 
UsVed ^t they have been formed out of older rocks by the 

* Xlma the Satta (trahm, a layer, wa&fiesH, to make. 


action of water. The hardest kmds of rook crumble away 
under atmospheric influences, auefthe dSbris or fragments b^ 
come transiiorted to oousidorablo distances by means ^ drainage 
water, rivnlets, rivers, the sea, and even by gibers and ice¬ 
bergs. The pulverised particles of rook deposited in various 
places out of water undergo a kind of cementation and form 
new rocks. The latter, being produced from a gradually-de¬ 
posited sediment, necessarily have a stratified or leaf-liko struo- 
tuTO. Some stratifiod rocks ore derived from the remains of 
animals. Chalk and limestone aro composed ohiefly of the 
rutnains of sholl-fish and other animals. So great is the rook- 
forming power of large rivers that, according to Sir Charles 
Lycll, tho Nile annually deposits 3,702,758,400 cable feet of 
solid earthy matter beneath tho waters of the Meditemnoon. 
Tho greater part of Egypt was buliovod by Herodotus to be 
“ tho gift of tho Nile.” 

Iho rocks termed ignemis are those which have been sub¬ 
jected to, or formed under the influence of, intense heat. They 
are generally composed of small crystals or vitreous (glass or 
slag-like) substaiioeB. I'hoy generally uudorlio the stratified 
rocks, but often pass up through the latter in a wedge-like 
form. Granite and trap are igneous rocks, and lava, or other 
volcanio rook, also belong to this group, and aro tho latest 
niombers of it. Limestono, (x>lite, and sandstones are familiar 
examples of stratified rocks, liocks intermediate between 
aqueous and primary rocks are termed mctamoridme: gneiss is 
a motamorphio rock. Fig. TII. shows the appearance presented 
by a vertical section of stratified rocks. 



Fig. VII. 


Tho greater portion of the surface of the “dry loud” is 
covered with loose fragments of rooks, mixed with the remains, 
more or less altered, of plants and animals. These matters are 
termed soils, and they extend downwards to distances varying 
from an inch to more than twenty foot. There are two Idnds 
of soil, tho super and the sub. Tho former term is ooqfined to 
tho layer next the snrfaco, whieh oonta’ns nearly nil tho organic 
matter (i.e., animal and vegetable substances), and throughout 
which the roots of plants ramify. Tho sub-soil generally 
closely resembles the super-soil so far as their mineral ingrodi- 
onts are concerned, but tho condition in which these ingredients 
exist is somewhat different in the two soils. 

Both super- oud sub-soils are often formed by the disintegra- ■ 
tiun of the hard rocks underlying them; but sometimes they ' 
are produced from the debris of rooks transported by aqueous 
agency from distances more or loss considerable. 

Tho agencies which form soUs aro frost, rain, damp, oxygen, 
and carbonic dioxide. Water, when it is converted into ioe, 
expands about 10 per coni, of its volume. In the densest 
rocks thoro aro little cavities oontaining water, whieh in winter 
often expand with irresistible force into ice, and thereby in¬ 
crease tho size of the cavity. This process, carried on for 
oonturios, produces tho disintegration of enormous quantities of 
rook. The more mechanical action of rain and hail upon rooks 
also crumbles away in process of time the densest stone sur¬ 
faces—witness the rough and decayed aspect presented by so 
many of our stone buildings. Carbonic dioxido has a great 
affinity for potassium and sodium; and as these metsls are 
common ingredients of rocks, they are often abstracted from 
them by the free carbonio dioxide of the atmosphere—a oiroum- 
stance which renders ^e rooks more porous and friable. The 
i ferrous oxide (protoxide of iron) in rooks is often converted 
into ferric oxide (per- or sosqui-oxido) by the atmospherio 
oxygen, and this process tends to break up &e structure of the 
rock. Tho influences of air and moisture upon the solid omst 
of the globe are, of ooune, confined to the sortaoe, and take 
place with an extreme degree of slowness; but influenoes, 
however small, exerted daring a considerable period of timet 
ultimately produce great effe^. The stratified rooks (wkicfli 
include soils) now in existence have been produced ^ the 
atmospheiie inflnenoee xff oonntiesa ages. It is, indeed, pro¬ 
bable that, as liebig remarks, tite atmospheiie i^nenoes of • 
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tlunuand yeen aro necesiMuxto form from any kind of rook a 
layer of Mable soil ono-tweRk of an inoh thick, suitablo for 
the gtrowth of plants. 

The composition of soils raries greatly. Some contain con¬ 
siderable amounts of calcic carbonate, others are very rich in 
organic matter, whilst many are oomposod of but little more 
than silica. As a role, silica is by far the most abundant mine¬ 
ral ingredient of soils; next comes alumina; and ferric oxide 
and calcic carbonate are about equally abundant. The follow¬ 
ing is the composition, according to Voolcker, of a sandy soil 
(l^bnoy Warren, Abingdon), deficient in lime, alkalies, and phos¬ 
phoric acid. 100 parts of the dried soil contain— 


Organic matter.. . 5'R8 

Oxides of iron, and olamina.4'll 

Carbouato of lime (calcic carbonate) .... U'6d 

Hagnosia.O’iti 

Potash and soda.0*14 

Phosphoric acid.0'U7 

Sulphuric acid.O'Ol 

Insoluble siliciouB matter (fiuo sand). . . . Sfl’Efi 


100-00 

The amount of silica is generally from 80 to 04 per emit, in 
sandy soils, from 70 to 80 in clay lands, from CO to 70 in loams 
and rich moulds, from 40 to GO in marly clays, from 5 to 40 in 
oalcaroouH or limy soils, and in marls. 

The proportion of alumina is greatest in rich loams, but it 
rarely oxooods 15 per cent. In clay soils alumina exists on ttio 
average to the extent of about 7 per uov ^.; in sandy soils its 
per-centago vaims from 1 to 5. Marls, caloaroous soils, and 
Tegetablo moulds contain from 1 to 8 per cent, of uluminn. 
The loxger the proportion of alumina in the soil, the more diffi¬ 
cult is its cultivation—the adhesive character of the earth ofTor- 
ing a stubborn resistance to the passage of tlie plough and the 
spade through it. Porcelain and brick clays contain from 30 to 
40 per cent, of alumina. 

The por-centogo of calcic carbonate varies from 90 per cent, 
in tho case of marls and limestone soils to more traces. Clays 
and loams generally contain from 1 to 3 per cent, of this sub¬ 
stance. Less than 1 per cent, may be regarded as a defective 
proportion. 

Potagh exists in soil from the merest trace .to nearly 3 per 
cent. Sbils rich in alnmina aro, with rare exceptions, also rich 
in potash. Sandy and peaty soils and marie aro in general 
deficient in this alkali. 

Soda is not so important a constitnont of {dants as potash; 
and*, except near the coast, it is not quite so abundant in soils 
as potash. Its proportion varies from a trace to b per cunt. 

^fognesia is found in all fertile soils, and in por-centagos 
whiclli range from -06 to 1-5. 

)^rly, peaty, and calcareous soils oontain very minute amounts 
of phosphqno add, but in clays its por-oontago is occasionally 
1'6. ‘ In general, even very fertile land oontains loss than 1 
per cent., and the average amount is probably about 0'4 per 
cent. 

Sulphuric acid and chlorine occur very sparingly iu soils. 
Carbonic dioxide is abundant in all cases where there is much 
lime. It is generally found in the form of caloic carbonate and 
magnesic carbonate. 

Organic matter (animal and vegetable substaucos mure or loss 
decomposed) is present in all soils capable of ptudacing good 
crops. Sometimes, as iu tho ca.so of bogs and peaty moBsos, it 
is too abundant. It is most defidont in sandy soils, which 
often oontain loss than 1 per cent, of this ingredient. Cold 
Olays are in general poor in organic matter. Fertile loams 
hadude from 10 to 14 per cent, of this valnable element of 
fertility. _ 
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BBICEWOBK (continsrd). 

romwxTiONB. 

Rinifa in the prerions lesson shown the diSerenm between 
English and Blemish bonds, we now purpose illnaimting' the 
method by which these may be worked together. 

Figs. and 81 ehow plans of first and second oonrsee of a 
wall in which the front ie built in Flemish and the back in 
English bond. This is oonsidered a good vrall, but still poa- 


sesBos tile disadvantage of half-brioks. And thus it will bo 
seen that in the one oonrse the front line of bricks, and in the 
other the book line, is totally unattached to the rest; whilst 
in Figs. 28 and 29 the headers penetrate two-thirds into the 
thickness of the wall. 

Flemish bond has been much used in situations whore the 
walls were not to be covered with stnooo, for tho reason 
already assigned, viz., its neat appearance. But in every case 
where the greatest strength and compactness are required tho 
English bond is preferred, iu oonsequenco of it-i admitting of 
more transverse boudiug than tho other. Flemish bond was 
introduced into this country in the time of William and Mary; 
but why it has received the name it boars does not seem to be 
known ; for in Flanders, Holland, Bheiiish Germany, etc., this 
system is not by any means generally practised, the style which 
wo call old English bond being almost universally adopted. 

A tliird kind of bond is sometimes used with the view of 
strengthoiung very thick walls. Tins mode consists in laying 
tho bricks which fill up tho coro, or Bi>aco between the front 
and back snrfaces, diagonally or angle-wise, their direction 
being reversed in each course. This is called a rake, and does 
away with tlio necessity for nsing hulf-bricks in the heading 
^ourses ; but, of course, it leaves triangnlor interstices at the 
]raints whore tho angles of tho bricks in tho core meet tho 
straight faces of tho eztemal facings of tho wall. 

B'ig. 32 represonts tho plan of a three-brick wall built in this 
manner. It will bo soon that tho connection between the faces 
and the core is but very imperfect. Tho external faces consist 
of alternate courses of headers and stretchers, the core being 
filled up by a raking course. This course rests on, and is also 
covered by, a complete course of headers, and each time it 
occurs tho direction of tho bricks is reversed. 

Fig. 33 is the plan of a wall similarly oonstmeted, called 
herring-bone bond. In this mode also, ooursos of headers 
would bed and cover tho herring-boning, and the direction of 
tho bricks in the core, like in the last, is reversed in each 
course. It will be noticed that this plan leaves a central line 
of squares to bo filled np by half-bricks, in addition to the 
triangular piooos used at tho sides. 

Neither of these two systems should be used for any but 
very thick wells. 

Perfect accuracy in bricklaying, as indeed in all mechanical 
arts, cannot be too mnch impressed on tho artisan; and this 
shonld be carried ont not only in tho parts of a stmotnre 
which aro visible, but in those which may be hidden. For 
instance, it is of tho utmost importance that all tho joints iu 
brickwork should bo perfectly plumb or vertical, and that every 
course should be absolutely horizontal, both lengthwise and 
across. Tlio lowest courses of a brick wall should bo laid with 
tho strictest attention to this particular; for, as all the bricke 
ore of tho same thiokness, any irregularity will be carried np 
thronghont tho whole wall, and the workman will then attempt 
to rectify it, or to “ level it up,” by using more mortar in 
some ports than others; but, of course, mortar whilst wot is 
to a certain extent compressible where bricks are not, and there 
will thus be unequal sottloinont, which wUl subsequently not only 
impair tho appeomnoo, bat endanger tho safety of the wall, and 
possibly of the entire structure. In order to save the trouble of 
constantly applying his rnle ond level to the work, tho bricklayer, 
when ho has got beyond the footings or fonndutioiis, bnilda np 
three or four courses at tho ends of the wall, as at A and b (Pig. 
34). These he very earofully plumbs and levels across; ho 
then strains a line from one end to the other, and this guides 
him as to the level of his course; but if tho distnnoo bo long, 
tho line will sag or hang slightly downward iu tho middle, and 
to prevent this, occasional bricks arc placed which serve to 
support it, as shown at c. When the work has been carried np 
three or four oonrses, it should, however, bo tested with the 
plumb-rule and level. In bricklaying, the workman spreads 
the mortar over the last course with his trowiJ, so as to form 
a bed on which the briuk may rest. As s-ny mortar spreads 
beyond tho edge of the course, it is caught up on the face of 
the trowel, and is put np against tic vertical end of the lost 
brick laid in the new conr-io. Tim bricklayer then with his left 
hand lays the brick, and presses it downwards until it is in its 
exact pLsce in the line, sometimes striking jt with the side of 
the trowel, or giving it a smart tap with the end of &e handle. 
The small quantity of mortar thus preseed out between tl£ 
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brides ia knocked off with the trowel, and the line emoothened each other; end no spaoe between them ehonld be left naoo* 
wiih the point—that ia, if it ia to boaeen; bat on the inside of copied by mortar, wMoh may pdlMaoe adhesion. When the 
wdla which are to be plastered, the rough preheating line of bricks are a fraction under 2t inches thick, no four oonioea of 
mortar ia left, as it helps in attaching the plMter. It is advis* bricks and mortar, or briokwork, shonld exceed 11 inches in 
able that bri(^B should bo damp when they ate being laid; for height; and if they are folly that thickness, four oonrses shonld 
if their pores are fall of air, mid their surfaces ooTerod with not reach 11^ inches. The result of tldok beds of mortar 
dry dust, the mortar will not adhere. This is generally done between the bricks, is that the mortar is pressed out after the 
on the so^old, for wetting them below would make them much joint is drawn on the outside of the front, and being made 
heaTier for the labourer to carry up, and many of them would convex instead of slightly concave, the joints oatoh orery drop of 



dry before wanted for use. They shonld, theroforo, be dipped 
in water just as thpy are wanted, and this may be dune by boys 
supplying them os required by the bricklayer. 

The following remarks, taken from Mr. W. Hoskings’ excel¬ 
lent work, ore quoted, as from their exceedingly practical 
oharaoter they cannot fiul to be of use to the artisan;—“ As 
mortar ia a more yielding material used in bricklaying for the 
purpose (d making the detached portions of the staple adhere, 
by dlling up their interstioes and prodnoing exhaustation—and 
the object being to produce as unyielding and oonsistent a moss 
as pOsslUe—as mneh at it ahonU be used as is snfBeiont to 
podaoe the deaiied eifoet, said no mmrs. Ko two bricks sbonld 
be allowed to tonoh, because of th^ fpaptitnds to adhere.to 


rain that may trickle down the face of the wall, and thus 
become saturated; the moisture freezes, and in thawing bursts 
the mortar, which crumbles away, and creates the necessity, 
which is constantly recurring, of ‘pointing' the joints to 
proserre the wall.” Tig. 35 ^ows the seotion of a O-inoh wall 
with the joints on the side a as drawn, and on the side h as 
bulged out in oonsequenoe of the quantity of mortar in th'm 
yielding to the wei^t above. Tliis, too, is in addition to tbe 
inconvenient settling which is the oonsequenoe of nmng too 
mneh mortar in the beds. In praotioe, brioklayers lay the 
mortar on the oonrae last finished, and Spread it over the 
surface with the trowel, without oonsidering or oaring tibat they 
have pnt no mortar between the bricks of that oonrse—exoept 
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in tite etternal edgfes of tbo oatddo jointi. Aa the mortar ia 
not, or ought not to be, ■o^'ihin as to fall into the jointe by 
ite own weight, onleeB they press it down, half the space 
between the bricks remains in every ease nnoooapicd; and the 
wall is oonsoqnently hollow, inoomi>aot, and nooessarUy imper- 
feot. To obviate this it is common to have thick walls 
*' gronted ” in every oonrso—^that ia, mortar made liquid, and 
called grtmi, is poured on, and spread over the surface of the 
work, that it may run in and fill up the joints completely. 
This, at the best, is but doing with grout what should bo done 
with mortar; and the difference between the two oonsisting 
merely in the quantity of water they contain, mortar must bo 
oonsidorod the best; for the tendency of grout is, by hydro- 
atatic pressure, to burst the wall in which it is employed; and 
moreover, it must, by taking a much longer time to dry and 
shrink than the mortar of tho bods and oxtomal joints, make 
and keep the whole ma.ss unstable, and tend to injure rather 
than to benefit it. Filling, or flushing-up evory course with 
mortar, is therefore for pr^erablo, and may bo done with very 
little additional exertion on the jiart of the workman. 

So much having been said on tho subject of settlement, it 
will be seen that owing to stones or bricks being united to 
each other by mortar, a certain amount of shrinking or settle¬ 
ment from this and other sources is certain to take place. The 
art of tho builder must, however, bo devoted to ousnro eqvMl 
settlement, and this can only bo done, firstly by using the same 
tliiokness of mortar throughout, and secondly, by carrying up 
all the walls whiob are to sustain tho same i.ooT simaliaueously; 
for, 03 all wivlls shrink immediately after building, the part 
which is first built will settle before tho adjoining part ia 
brought up to it, and tho shrinking of the latter will cause the 
two pai-ts to aojiarato. The ends of tho walls first built should 
bo “ racked buck; ’ ’ that is, loft off slantingly as in Pig. 23, not 
merely “toothed” vertically as in Fig. IG. 

Having thus explained the elementary principles of masonry 
and bricklaying, the subjeot of foundations can bo proceeded 
with. 

In foundations then, considered in nolation to tho walls, etc., 
of buildings, it is uocosaary to observe:— 

1. That when the wind blows, or any other lateral force acts 
against a wall, etc., tho higher it is tho more powerful will be 
tho leverage by which it acts against tho point on which it rests, 
and the greater the danger of its being thrown over. 

2. The narrower tho base on which it rests, the more ia it 
liable not only to bo thrown over but to sink. 

A timber oonstmotion will, perhaps, best servo to illustrate 
this. 

Let Fig. 36 represent a stiek of timber or square pole simply 
plaoed in tho ground; it will be clear that it would be voiy 
liable to sink, or that the wind or any other force would be very 
likely to throw it down. Wo will endeavonr to treat each of 
these evils separately; and as these loseotts aim at not only teach¬ 
ing vxn-k, but thought, let us earnestly impress on our young 
students tho benefit arising from systomatio thinking and action, 
and urge tliom, before putting pencil to paper, or laying a single 
brick, to ask themselves: What do I want to do ? what is tho 
object to be aocomplished P what is the best method of attain¬ 
ing this end P are tho means T am taking the best, just beoanao 
others use them P and if they are so, why ore they so P These 
'questions lie at the foundation of all progress and improvement; 
and it is through tho habit of thus refieoting that an artisan 
rises above tho level of a working machine to tho dignity of a 
working man. 

Lot ns see, then, what would bo tho best way to prevent the 
sinking of tho polo, and it will at once be evident that this will 
be the best ooeomplished by widening the base. Of oonrso this 
would be done by placing it on anothet stick of timbor laid 
horizontally, but better s^l if two such pieces exe plaoed in 
the form of a oross (Fig. 37); by this means a basis is formed 
whioh, to all intents and purposes, is equal to the oompleto 
square in whioh the oross could bo insoribed, and therefore the 
pole rests, as it were, on a foundation eqna.' to that area. Thus 
the einking ^rould be prevented. And now we can tnrn onr 
attention to the second point, viz., the ewaying of the pole, or 
the liability to be thrown over by any lateral (or side) force. 
This may be aocomplished by mortising struts a, B, c, and x> 
(Fig. 88} into it, and into the stand, in the direction of the single 
lines faera given, and by this means the effect of the breadth of 


the base will be transmitted to the post. These struts will not 
only serve to steady the pole, but to relieve tire pressure whi^ 
wo^d otherwise f^ on its lower end, but whioh is thus shared 
by all the struts, and is by them spread over tho whole base; 
and so fracture at the point wboro the whole weight would fall 
is avoided. This illustmtion has been worked by perspeotive, a 
study whioh will be treated of in other lessons. 

In stone and brick walls, the foundations are formed by 
commencing tho lower course wider than the mtonded thiokness 
of tho wall, and then gradually diminishing the broadth-until 
tho real size is reached. Thoeo projeoting edges' are called 
“footings " (Fig. 39). 

In stone walls, where the weight foUing on tho foundation is 
very heavy, care must bo taken that tlie offsets for footings are 
not too great in each course, as, owing to Uie natural brittle¬ 
ness of stone, fructnro is likely to ensue; nor should the joints 
between tho stones fall too near or beyond tho face of the wall, 
as in tliat case they would bo liable to yield under tho euper- 
inonmbent weight. 

In cases such as the foundations of the piers of bridges, 
vaults, and other similar construotions, the offsets are made 
very narrow, and oven these are generally slanted off so. os to 
rive tile wall or pier what is called a “ batter,” as represented 
Ct A (Fig. 40). 

In placing the footings in brick walls, the greatest care must 
be taken to throw the joints as far back within tho surface of 
the wall OB possible. Excepting in walls of one-briok tbioknoss, 
no course of fimtings should project more than a quarter-brick 
beyond the one above it; and additional strength is given by a 
double course below, whiob, indeed, should bo adopted for every 
thiokness of wall. 

Figs. 41 and 42 ore sootionB of walls of different thieknesses. 
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VII.-HAIB AND BBISTLE8. 

Haib, tho covering of mammiferous animals, consists of slender, 
elongated, homy filaments, secreted by a conical gland or 
bulb, and a capsule, which is situated in the mesb-work of 
the ohorion, or true skin. Bristles, hedgehog spines, and 
poronpino quills, ore all modifications of liair, having the same 
chomieal composition, mode of formation, and general structure. 
Some kinds of hair ore perennial, growing oontinuously by a 
persistent activity of the bulb and oaijsnlo, aa human hair, and 
that of tho mane and toil of tho horse; other kinds are annual, 
the coat being shed at oortain seasons, of tho year, as the 
ordinary hair of the horse, cow, and door. Hair, of all animal 
products, is one tho least liable to spontaneous chemical 
ohange, and in its various forms is valuable as material for 
numerous branohos of industry. 

Human Hair .—This is imported from Qormany and Franoe, 
and is furnished, tho light-coloured by the Gorman and tho 
dark-colourud by the French gii^is, who look forward anxiously 
to the hair harvest for tho means of purchasing trinkets and 
droBBos. A head of hair weighs from eight to twelve ounces, 
and, acoording to its colour, is worth from thirty to sixty 
shillings per pound. In the spring, tho Paris hair merchant 
send agents to all parts of France to parchaso the beautiful 
tresses of the French gi^^ cultivate an annual crop for 
sale with the same care as the farmer cultivates a field crop. 
About 200,000 lb. are purohasod in this way every spring, and 
made into perukes, falm curls, etc. Human lioir is also manu* 
factored into a variety of articles of porsoiml adornment known 
in commerce as hair jowolleiy, such as bracelets, armlets, 
lockets, brooches, necklace-rings, watch-rings, which are not 
unfreqnently worn in memory of the person to whom the hair 
belonged. 

Horsehair .—^This is oolleotod in tho various towns of Eng. 
land from ostlers and others, and sent up to London in sacks. 
Besides that supplied by our own horses, we import annually 
from Bussia and South Aroorioa about 30,000 owt. Horsehair 
is extensively need for military accoutrements, and aa stuffing 
for mattresaoB; a cloth of great durability ia manufactured 
from it, and employed in covering sofas, chair bottoms, and 
railway carriages. The first crinoline petticoats were mode 
from horsehair, and hence the origin of the name (Isitin, 
erinum, hair). 
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The cX the elk, ox, goet, and camel is also extensively 
imported into tide oonntry, and naod tor varions pm^oses. The 
heir pencils need by arti^, and termed camel’s pencils, 
are composed of the fine hairs famished by the sable, miniver, 
marten, badger, and polecat, as well as by the camel. They 
are nsnally mounted when small in qoUls, and when larger in 
tinned iron tabes. A. good hair imncril is known by forming a 
fine point when moistened and drawn through the lips, oil the 
hairs uniting in its formation. 

The qnsiptity of hair imported for the use of onr mann- 
faotnrers m 1864 was— 


Cwt. Value. 

Oz and elk. 63,771 £311,109 

Horse.17,743 90,S11 


BriatjM arc tho stiff, glossy hairs growing on the bocks of 
wHd and domesticated swino. They arc imported into this 
country from Germany, Bussia, Denmark, and Poland, and used 
in the manufooture of brusbos for the hair, clothing, teotli, and 
nails. Biissia is the groat mart for bristles, those of the 
Ukraine being most esteemed; France also sends ns consider¬ 
able (juanlitios. BristlcB are of various colours—^blaok, grey, 
yellow j but tho kind called tho lily, on account of its silvery 
whiteness, is the most valued, and is used chiefly fur shavin{^ 
brushes, tooth brashes, and the softer descriptions of hair 
brashes. In 1864 our imports from Bussia wore 1,958,112 lb., 
valued at j 8252,923 ; from Hamburg 207,274 lb., valued r.t 
JB26,772 ; and from Prussia, Belgium, Prance, and other parts 
of Burope, 184,749 lb., valnod at .£23,346, making a sum total 
of 2,840,136 lb., voluod in 1867 at JJ303,041. In 1867 the 
total import was 2,378,526 lb. 

T/te PorcupCne (Hysiriii crislata, L ). -This animal is found 
thronghont Southoni Europe, and allied generic forms exist in 
North Amorioa. Tho porcupine quills sold in England are 
ohiofly obtained from the Europoaii species, which is not 
oommon; therefore tho quills nro exponfiivo. Work-i)iercers or 
eyeletteers for ladies, penholders, toothpicks, fish-floats, and 
faaoy workboxes, are made from those qnills. 

VIII.—HOBKS AND ALLIED SUBSTANCES. 

J.—HOBNS. 

In zoology, all hard and mnro or loss elongated processes 
projecting from tho head are called horns. These natural 
weapons are either solid bone only, when they are oollod antlers, 
aa in the stag; or they are composed of bone and horn, as in the 
sheep, goat, and oz. Homs of the latter kind consist of a 
hollow bony basis or core, on the surface of which is secreted 
a number of thin layers of true homy material. In the case of 
tho giraffe, the horns consist of bone oovorod with hair, and are 
not deoiduons. The hom of the rhinoooroa is a more appendage 
of tho skin, and consists of homy fibres or hairs matted to- 
geldker. Tho antlers of tho stag are shed annually, their fall 
being ooinoident with the shedding of the hair. True horns, or 
those which consist either partly or entirely of homy material, 
are never shed. 

Chemically oonsiderod, bom may be regarded as intermediate' 
in oompoaitlon between albumen and gelatine, with a very small 
per-eentoge of earthy matter. There is a graduated connection 
snbdsting between tho substance of horns, nails, olaws, hoofs, 
faaihem, scales, hair, and even skin. Tho animals that supply 
_ hom for onr mannfaoturos are prinrapally oxen, bulls and cows, 

' goats aa4 sheep, their horns being preferred on acoount of 
superior whiteness and tranaparoncy. 

The first process in hom manufoctnro consists in effecting a 
separation of the trao bom from its bony basis. This is accom¬ 
plished by macerating the hams in watw, which canses putre- 
fMtion of the membrane lying between tho core and the horny 
sheath, and renders the former easily separable from the latter. 
The hom then goes through the processes of scalding and roast¬ 
ing, which soften it, and render the laminm capable of separation 
from each other. It is next idit with a strong pointed knife; 
and by the application of a pair of pincers, one to each end of 
the dit. the cylinder or cone of hom is opened until it is nearly 
fiat, ^eso fiats are then {flaoed on their edges, vertically, in a 
strong iron trough, having between them plates of iron, hs^ an 
ipdi tiuck and ught inches square, which have been previously 
heated and greased. These platM are now powerfully oom- 
p r eseed by means of wsdges driven in at the ends, the degree of 
p r o s iu te depending on the use to be made of the hom. For 


the leaves of lanterns, it must be anffioiently strong to bteak 
the grain or cause the laminm of the horn to separate a little, b» 
as to allow of tho introdaotion of a ronnd pointed knife between 
them, to oomplete the separation; for combs, a very alighi 
degree of compression is enongb, o^erwiae the breaking of thd 
groin would cause the teeth of the comb to split at their points. 
The sheets of hom ore next removed from the press and placed, 
one at a time, on a board covered with bnU’s Ude, seonr^ with 
a wedge, and scraped with a draw-knife, having a wire edge 
turned by means of a steel rubber. When reduced to the 
proper thiokness, the hom plates are polished with a woollen 
rag dipped in charcoal powder, a little water being added from 
time to time; they are then rubbed with rottonstone, and 
finished with hom shavings. 

When combs are ordered which are too large to bo made 
from a single plate of hom, two or more plates may be united 
by the skilful application of pressnro and of heat, anffioient to 
molt tho horn; and when well managed, tho line of union 
cannot be dolected. The Chinese are very skilful in this kind 
of work, as is evident from their large globular lanterns, some 
of which are four foot in diameter, and which are mode of small 
united plates of oolonrod and painted hom. The painted toys 
known as Ohiue.so sensitive loaves, w’lioh the heat of the hand 
or of a fire will cause to curl np a« if alive, arc made from the 
best of tho thin films of horn Korapod oif the plate by tho draw- 
knife. 

Horn is easily dyed, cs can bo seen in tho nbovo-nameu 
lanterns of the Chinese. In tlii < country it is uyually coloured 
of a rich rnddi.<h-bro'7n, and spotted to imitate tortoise-shell. 
This is eft'oetod by boiling togedher, for half an hour, a mixture 
of red-load, pourlash, qnicklinie, and a little jiounded dragon's- 
blood, and applying the mixture hot to tho parts of tho hom 
which it is intended to colour. If a deeper colour bo required, 
a second application of tho abovo mixture must be made ; and 
for a blacker brown, tho dragon’s-blood is omitted. 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.—IV. 

By Frofessor WuinHrsos, Buyal AgrioaUnml College, Ciroucotter, 
VAKIOTIS METHODS OV DKAIMAOE. 

Tun various methods of drainage employed owe their existonoe 
to facts duly considered in tho last lesson—namely, tho diffe¬ 
rent charaetorB of soil with whioh tho drainer has to cope, and 
tho three modes in whioh land suffers from wetness. First let 
us glonoe at the method practised by Mr. Elkington in the latter 
portion of lost century. That Mr. Elkington’s method of pro¬ 
cedure ill draining land attracted general attuntion is clewly 
shown by tho fact that, as soon as the Board of Agrionltore 
was established, and in oonsoquonoo of a motion mode by its 
Frosulont on the 10th of Juno, 1795, the House of Commons 
voted an address, “ 'That His Majesty would bo graciously 

I pleased, to give dirootions for issuing to Mr. John Elkington, as 
an induuomoiit to discover his modo of draining, snob snm as 
His Majesty in his wisdom shall think proper, not exceeding 
tho sum of dCl,000 sterling.” 

I As Mr. Elkingtou's health wa.s at that time failing, the Board 
resolved to send Mr. John Johnstone on a visit of inspeotion 
with the great dminago anthority, to report on all that he saw 
in his tonr. Such was the origin of the volume whioh contains 
tho only acoount of the work of a remarkable man and a leader 
in agrricnltural improvement. A new edition appeared in 1841, 
from which wo gather the following information:—^In tho year 
1763, Mr. Elkington was left by liis father a farm called Prinoe- 
thorp, in the parish of StrSfcton-npon-Dunamore, in Warwiok- 
shiro. The soil of ibis farm being poor and wet, as well as 
unsound for sheep, he determined to drain it. He oommenoed 
witii a wet day fi^, which wiM almost a swamp, and in some 
plaocR a shaking bog, in oonsequenoe of springs issuing from 
an adjacent bank of gravel and sand. In order to drain this 
field, a trench was cut a litUe below tire upper margin of the 
bog, about four or five feet deep. This tronoh ran ptu^lel with 
tho bank of saud just named, and after proceeding with it for 
some distanoe in this direction, he found that the main aouroe 
of the water vras evidently not yet reached. "WaSSa oonsidering 
what plan to pursue, a labourer happoned to oome into tim 
field with an iron orowbar, an implement oonunonlj used ia 
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making holes for hurdle-stakes in folding sheep on the land. 
Mr. EUdngton, suepeoting that his drain was not deep enough, 
and trishi^ to know what kind of stratum lay under it, took 
ihe bar and forced it down about four feet below the bottom of 
the trench. On withdrawing it, to his astonishment a great 
quantity of water burst up through the hole ho had thus made, 
and ran down the trench. This singular experience was the 
first of a series of simOar trials and sucoesses, which, since 
they can only be associated with a particular arrongoment of 
the snpm^oial strata, need a few words of explanation. Tho 
diagram shown in Fig. 2 represents the section of the field in 
which iihis remarkable discovery was mode. It will be observed 
that tho upper portion of tho sloping ground forming tho field 
is of gravelly and sandy character, and that at some distance 
beneath the surface is a clay bed, which would oiler on obstruc¬ 
tion to the downward passage of water. Upon it, then, water 
will aoQumulate. It will also bo pent in by the clay and pent 
bed shown in tho drawing. Tho water then rises until it 
reaches a point over which it can overflow, and this it docs in 
tho form of springs along tho lino which indicates tho liiglier 
water level. The conscquoiioo is that tho land on tho surface 
immediately below this outlet of springs is rendered wet and 
boggy, until in its downwiU'd passage tlio water once more 
moots a porous rock, through which it disaptKjars, still following 
the line of clay and leaving tho surfaoo dry. This, then, was 
the state of tlie field when Mr. Klkington undertook to drain it. 
The trench shown in tho figure was cut parallel with tho lino , 
of outbursts of springs, but it was not deep enough io reach 
the real source of wetness. It was at this point that the anger 
wa.s found useful. 

I’ioroing below tlio bottom of tho trench, tho water-bearing 
stratum was happed, and the withdrawal of the erowbor was 
followed by a rush of water, at that depth under considornble 
pressure. It is dear tliut tho consequenoe of this liberation 
would be the loworitig of tho water-table from tho higher level 
down to the level of tho bottom of tho drain. The springs 
would immediately be dried, and tho land liolow rendered sound, j 
Tills, tlien, was the principle of £lkiiig(,on’s mode of draining 
—a method requiring on alternation of porons with tonooions 
strata, and evidently unfitted for soils wot from dii'ect rainfall. 
Great sagacity, gained only by experience, mid assisted by eon- 
sidorablcL geological knowledge, is requisite before it can bo 
sncaessfully applied, even in situations whore it will be most 
likely to suoceed. Those qualities were possessed by Mr. 
Elkington in a marked degree, inaomach that his power of 
tracking a spring to its source appeared almost instinctive. It 
is not our intention to enter minutely into this system of 
drainago. Tlie ease of tho field in which tho disoovety above 
described was made is a key to tho method used by Mr. Elking- 
ton in oouuUess otlior cases. Thus, if wo examine carefully 
tho nineteen plates illustrative of those drainage works found 
in Mr. Johnstone's work we shall find an almost tedious repeti¬ 
tion, and oooasionally on almost inerediblo arrangomont of 
strata. All, however, point to tho same principle—namely, 
that where land is wet from tho accumulation of water upon 
a clay, and its rising until it finally bursts out in springs 
wotting the surface, under stioh circumstances the land can | 
' only be dried by an arrangomont of trenches which will attack 
tho Bonroo rather than tho supply of water. One more case 
is, however, of interest, and that is whore water is afforded an 
artificial passage through a clay bed into a porons stratum 
beneath, and thus got rid of. This is a method of drainago 
which may oooasionally bo carried out where there is a diffi¬ 
culty in finding a surface outlet. In snob a case, if tho under- j 
lying strata are suitable, a hole may be bored through tho 
retentive material which bears np the water dow^ into tho 
underlying porons rcxik, which will then be used as an outfall 
for surface water. Lastly, the auger or boring apparatus must 
not be looked upon os involving no principle, but moroly os 
saving excavation. In tdl oases deepening tho trench would 
answer equa^ well as a moans of reaching the water-bearing 
stratnm, but this is done by a boring imptemont with leas ex¬ 
penditure of labour. 

The late Mr. Smith, of Doanstone, is credited with having 
originated the qystem of drainago usually employed at the 
present time. EUa piaotioe was given to the world in 1823, 
and sinoe then it has been modified by the materials used in 
oonatruoting tbs underground channel rather than in any point 


of arrang^ement. Thu ayatem is eaaentially uniform. Aaaum- 
ing that the sonreo of wetneaa ia co-extenaive with the land, 
the Doanstono method oonewta in laying down a regular ayat em 
of underground draina at equal distances apart and of equal 
depth. As these channels very fraqucntly follow the line of 
ridge and furrow used in ordinary estivation, tho system has 
obtained the name of “furrow draining,” and because it pro- 
poses to thoroughly and uniformly dry the soil, it has been 
spoken of as “ thorough draining.” These furrow drains enter 
a common channel of larger size, which is called the “ nuan 
drain,” and this carries the aooumnlated water of all tho furrow 
drains to a suitable “ ontfoU.” The arrangement of farrow 
drains, connected at their lower extremities with mein drains, 
has suggested the name of the “ gridiron system,” and tho 
fact that furrow drains occasionally aro made to enter on both 
sides of a main has conferred the title of “herring-bone" 
upon this system of drainage. We notice these various desig¬ 
nations because they will enable tho reader to at once realise, 
and without any difficulty, tho main features of the method of 
drainage which, from the name of its inventor, is known as 
tho Doanstono system. 

At a future time wo hope to minutely describe the drainage 
gi a field, and to consider every possible difficulty that may be 
met with. The following brief sketch must, however, for tho 
present saffice. 

A suitable outfall is the first care of the drainor, and this 
will be tho lowest point of tho system of underground pipes. 
Next we have the main drain, extending from the outfall and 
following tho lowest line of ground, either along tho foot of 
o hill or the bottom of a valley. Then tho position of the 
furrow drains is fixed, following, as a rule, tho lino of greatest 
slope, and entering upon one or both sides of tho main drain 
as may be determined by tho contour of tho ground which it is 
desired to relievo of surplns water. 

Suoh ia the general plan, which hardly requires farther 
illustration. The outfall should be mode at a sound point in 
the bank of some neighbouring open watercourse, where there 
is no danger of tho linnk being washed away by tho restless 
stream. Neither should outlets be multiplied, since each may 
be looked upon as a point of weakness, liable to invasion from 
animals and injury from accidents. Further, they must be 
made strong and seenre, fnmished with an iron month extend¬ 
ing a few feet in the direction of the drain, fenced with an item 
grating, and faced up with mason-work. One outlet ought 
to suffice for ten acres of land. With regard to maiu drains, 
they must be large enough to hold the water sent down to 
them from tho farrow drains. They should also be a few inches 
deeper than the smaller drains, and this extra depth must be 
used'to secure O'rapid fall of the furrow-water into the main 
drain. Furrow drains must not be mode to enter the two sides 
of a main exactly opposite to each other, but alternately, as 
shown in Fig. 3. 

Again, cases occur in which tho bottom of a volley is flat. 
Here tho fall of tho furrow drains will end before they reach 
the main drain, and the consequence will bo a chock to tho 
flow of water. A double main drain* must in snch oases be 
made. Each recurring furrow dredns only on one side. Such on 
arrangement will secure the drying of tho intervew'ng space 
botwoon the mains, as these will act as ordinary drains upon 
tile soil in their immo^to vicinity. Tho chief ijoints to decide 
with roforonoo to furrow drains are their depth and distance 
apart, which will bo governed in all cases by the character 
of the soil that is to be drained. As, however, some of the 
j points already brought under notice will receive further elnoi- 
dalioiijwo shall reserve them for more complete discussion whan 
we consider tho details of drainage work. 

UATSBIOLB. 

Any material will suffice for tho underground channel which is 
cheap, portable, durable, and, at tho same time, fitted for allowing 
water a free passage. A passage for water is, indeed, oil that 
is requisite, and hence the foot that draining has been and is 
often praotisod without the help of any extraneous material, 
the sides of the channel being formed from the earth itseU, 
just as the took perforated by a tunnel, or the eaad pierced by 

• A.n Uluitmtion of this hind oi dnus wUl be given In a tutoze 
lesson. 
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a »bbit, font of thamidvss tha walla of the apertee. Amongr 
the moat ovaneaoent matexiala wMoh have been oaed are thonm. 
Althoag’h ihaaa^ when protected from ohangea of tempeiatnre 
and from the tit, remain in activity longer than we might expeot, 
yet after inonrring the ezpenae of digging ^e trenohea it ia 
ezoeedingly nnwiae to use them, aa they cannot be looked upon 
aa forming permanent ohaunels for water. Captain Walter 
Blythe recommenda “ good green faggots, willow, alder, elme, or 
thorae," which, together with atones, were about the only ma- 
teriala of a lasting character to bo had at the time. Mr. Smith 
of Deanatone, ao late as 1823, named stones, broken to sucdi a 
aize aa to pass through a three-inch ring, os anitable material for 
farrow drains, but preferred water-worn or ronnded pebbles 
when they oonld be obtained easily, 'llio receiving or main 
drains wore to bo formed of a oulvort of stonework or of tiles. 
Where there is on abundant supply of stones in the immediate 
vicinity of tlie drainage works, it may even at the present day 
be eoonomioal to nsu thorn as drainage materials, and if well 
handled there is no reason why they shonld not make an 
wffioient channel. 

Stones may bo built into a square or a three-sided A or 
“V-formod culvert. They may bo also broken and placed in 
the bottom of a trenub. In this case a harp or scrouu isj 
used for separating the largo from the smaller stones, the 
larger being placed 
at the bottom, and 
the smaller forming 
the top of the 
ohannel. This ar- 
zaagomont prevents 
the infiltration of 
earth and final 
stopping of the 
drain, which wonld 
be nuavoidable if a 
reverse order of dis¬ 
position was used. 

The security of the 
dmin is also further 
ensured by a layer 
of straw on the 
top of the smaller 
•tones, which as it 
decays will form 
» protective coat 
between them and 
the loose soil above. 

The draining tile 
is by far the best 
material for the pur¬ 
pose, and as it has passed through several modifications of form 
it will be well to glance at its history. The first efforts to mann- 
{ooture draining tiles resulted in cumbrous and expensive fabri- 
oations, having few if any imints to rocummond them when con¬ 
trasted with stone drains. Tluiy involved tho same wide trench 
—one of the most fatal faUings of stones os a drainage material. 
The modern pipe allows of the minimum amount of digging in 
forming tho trench, and this is one of its leading advantages. 

horse-shoe—or, os it might with propriety be named, 
the IT-formed—tile appears to have been used'ns early as 
1760 at Ctandesburg Hall, in Suffolk, by Clmrlos Lawrence, 
the owner of the estate (Gisborne), and those, with slight altera¬ 
tions and improvements in form and material, were used until 
very recent times. This tile was open to two serious objections. 
Its horse-shoe form was a cause of weakness, as when the sides 
of the tronoh betpan to be pressed inwards by lateral pressure and 
the Bvrelling of wet day, the tile was apt to break longitudinally 
along the crown. Another aonroe of failure was from tho 
pressing upwards of the bottom of tlie drain, owing also to the 
weight of earth on eitiier nde. This upward pressure, combined 
vrith the wearing action of water ip tho drain and the gradual 
e^ing of the tUe, soon eausnd an interruption of tho channel, 
the tile becoming full of earth. An attempt was mode to over¬ 
come this failing by forming a round or rather elliptical drain, 
phuring two horse-shoe tiles one above the other, the lowermost 
one being upside down, and " soles *' were also introduced for 
tbe purpose of preventing tho sinking of the open tile. Still 
tiw neskage of the tile from ineaenie ooniinned, sad rendered 



the work liable to failure. The next improvement oonsieted in 
making the tile and solo in one piece, forming a D-shaped tile, 
and thus the way was prepared for the last important innova¬ 
tion, the round draining pipe. Bo far back as fifty to sixty 
years ago, pipes for land drainage were oonourrently n^ by Sir 
T. Wichooto, of Asgarby, Idnoohishire; Mr. B. Harvey, of Epping; 
Mr. Boulton, of Great Tew; aud.Mr. John Bead, at Horsemonden, 
Kent. Mr. Bonlton’s were one-inch pipes, and it is on inte¬ 
resting fact (which we derive from Mr. Gisborne’s valnable essay) 
that these wore mode of porcelain by Wedgwood at Etruria, 
showing that in tho same works where exquisite medallions and 
vases of a character adapted to elevate public taste wore being 
executed, attention was also being given to tho development of 
a less beautiful but equally important manufacture. The 
general adoption of pipe-tiles did not, however, take place for 
some years later. In Vol. IV. of tho Koyal Agricultural Society’s 
Journal for 1843 two excellent ]>apors appeared upon land- 
drainage, tho first by Mr. Thomas Arkoll, of Stratton St. Mar¬ 
garet’s, Swindon, and the second by Mr. Bobort Heart, but in 
neither of them is any other tile mentioned or figured, but the 
ordinary horse-shoe tUe with solos. 

In tho same volume is to bo found a report by Mr. Josioh 
Forkes, consulting engineer to tho Society, upon drain-tiles 
and drainage, ‘'’I’ho society had offered a preminm of ten 

sovereigns for the 
drain - tile which 
should fulfil certain 
specified condi¬ 
tions, but it was 
found quite impos¬ 
sible in the show- 
yard to auUionti- 
cato the facts 
required ; conse¬ 
quently this prize 
was not adjudged.” 
A silver medal was 
awarded by the 
judges to Mr. John 
Bead, 35, Begent 
Cirens, Hcoodilly, 
for Hpccimons of 
eylindiical or pipe 
tiles invented 
him. These tiles 
wore from 1 to 2 in. 
internal diameter, 
twelve inches in 
length, and were 
offered at JBl to 

B114s. and ^1 18a. per thousand. “It does not appear,” writes 
Mr. Porkos, “ that pipes have been anywhere used for land 
drains at a period more remote than ttirty-five years siuoe, 
about which time Mr. John Bead made and employed them, 
when servant to the Into Kcv. Dr. Marriott, of Horsemonden, 
in Kent. These were about throe iucbea iu diameter, and wore 
made by bending a shoot of clay over a wooden cylindrical 
mandril. This simple form of tile was well adapted for a mote 
ra]iid mode of manufacture.” 

It wonld occupy too much space to enter at any length 
into partienlars regarding the different machines which have 
boon brought out for perfecting the manufacture of tiles. Mr. 
Pusey relates, in Vol. III. of the Boyal Agncultnral Society’s 
Journal (1843), how the cost of tiles Lad boon a grwt check to 
their employment, and how, about two years previously, while 
408., 50s., and COs. per thonsand were paid for tiles in the south 
of England, Mr. Heart, of Godmancheater, had five years before 
invented a simple machine by which he hod reduced the price 
of tiles from 408. to 22 b. throughout Huntingdonshire. Tbo 
Marquis of Tweeddalo followed with a most ingenious machine, 
and at the Bristol meeting Mr. Irving exhibited an apparatus 
for the same purpose. Formerly tiles, whether oylindnoal or 
horse-shoe shaped, wore perforated with ocoasional holeb to 
allow water to enter easfly. This is, however, quite nnneoos- 
sary, as water will have no difficulty in penetrating throngh the 
porous material of which they are formed, and whesi we re¬ 
member the joints which occur between each tile, it is evident 

thftt thttEB is foi itS 


Fig. 2. 
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.I(y FroteMor Csvbcb, Boynl AgrioaltnriI,CoU«ce, CirenoMter. 
FBODtroxios or colqub bt tbansmibsion, bto.— mmrAXi 
BBLATION OB COLOUBa. 

rHB abso^ytion and reflMtion of li^bt are very closely related, 
yet th»e ate many ooloured bodies wliioh inst^ of absorbing 
some raye and reflecting others, transmit those rays whioh they 
do not refleot. Bven a third condition exists, in which a sub- 
stance reflects some rays of the incident light, transmits others, 
and absorbs ijhe remainder. We may now briefly consider the 
prodnotion of oolonr by these three methods. 

Let ns suppose a snbstance which appears 
red by roflei^d light and red also by trans¬ 
mitted light. Of the white light wUoh has 
fallen ni>on it and whioh it has decomposed, 
it has absorbed or quenched all the colours 
save the rod; while of the red it has trans¬ 
mitted part and reflected port. But the 
inetanees in whioh a substance appears of a 
Tory dietinot colour owing to 
reflection are rare. A few 
metals may be cited as ex¬ 
amples along with such sab- 
stances as muroxide, magne¬ 
sium platinooyanide, potas¬ 
sium permanganate, and 
indigo. The yellow oolonr of 
gold is due to aeleotire re¬ 
flection. A plate of this metal 
reflects much of the incident 
tight nnoliangnd, but it quen¬ 
ches in another portion much 
of the yiolot and other very 
refrangible rays, and so leaves 
the residnal rod, orange, and 
yellow rays to produce their 
colouring effect. It might 
seem likely that gold would 
transmit when in sufficiently thin 
loaToa all those oolonred rays which it 
does not reflect. This is tmo to a 
groat extent; still the grass-grcoii 
light whioh a leaf of gold transmits is 
not perfectly complementary to the 
orange-yellow which it reflects, some 
of the constituent rays of the original 
white light having been absorbed. 

Solid indigo affords ns a similar ex¬ 
ample of soleotive absorption and re¬ 
flection. If a lump of pnro indigo be 
pressed with an agate burnisher, a 
copper-coloured streak makes its ap¬ 
pearance. As long as the substanoo 
of the indig^o is not coherent—that is, 
os long as it is in minute x>owdory 
partioles—^Eo long it shows no symptom 
of a oopper-oolonred reflection, but is 
blue. Now the blueness of powdered in¬ 
digo thus seen by reflection is not really 
prodnoed by or in reflection, bnt ratber during transmission of 
light from partiole to particle of tho powder. A chromatic 
eeleothm ie thns made, and the light finally reflected to tho eyo 
Ima been deprived of several of its oolonred elements. Increase 
the ooherence of ibe bine indigo powder either by pressnro, or 
by the ohemieal process of snblimation, by whioh crystals may 
be formed, and tiien, though the transmitted light will yromain 
blue as before, the reflected light will be ohiefly oopper-oolonred, 
having been deprived by reflection itself of its Uno and some 
oilier eonstitnent rays. The foregoing foots often snffioo to ox- 
plain the great diffeienoe in colour ^woen a solid substance 
and its powder. 

Substances which are oommonly regarded as transparent ore 
nevm perfectly so. Neither water, nor flint .glass, nor rook 
crystal, permit all light-rays to travel freely'throngh them. 
8<me Bubatanoes, aneh As solntions of the mro metal didyminm, 
and oatnin Bpeoimens of the mineral known as xireou, absorb 
or cot off sevmul of the rays of aolar light, and yet do net 


appear perceptibly oolonred. The residnal transmitted n^a in 
sneh eases suffloe to ptodube white light. "Very thin It^ers of 
oolonred Bubstanees, sueh as films of tinted liquid, may eeem 
oolonrless, and yet, when Wa inoreasa their thioknese, colour be- 
oomes perceptible. Not only doea oolonr become peroeptiblo, but 
the oolonr vorios with the thioknesa. A orystsl of blue viMoi 
ahows on its thinnest ftdges a greenish tint, whioh alters to a 
pmre Uao in tho mastf. Such a dhange as this is easily ex¬ 
plained. A thin plate of blue vitriol transmits all the blue, a 
good deal of the green, and a very little of the remaining rays of 
the speotrum. Irsre donble the thiokness of tho plate the 
effect is increased, not in arithmetical but in 
geometrical proportion. Ultimately, by the 
extinction of all the rays save the blue, the 
transmitted light becomes sensibly an home- 
geneons blue. A very easy mode of observing 
tho striking differences in oolonr between thin 
and thick layers was devised by Professor 
Stokes. A fine slit (one-fiftietb of an iuoh 
across) between two blackened metallio edges 
is adjusted vertically in a 
blackened piooo of '< 

behind tho slit is a sourcB.!^ 
light, such as a bright flame 
or the sky. Hold tho prism, 
having an anglo of 60'\ 
against tho eye ; by adjusting 
the position of tho prism a 
pure spectrum will be ob¬ 
tained, sbowiiig, if solar light 
be used, the principal fixed 
lines. Now, io observe the 
absorption of any liquid, fix a 
test tube or flat cell contain¬ 
ing tho liquid to be examined 
behind ttio slit. Begin the 
experiment by using a very 
pale solution, and then grodn- 
ally inoroose the strength, 
noting tho g-radnal appearance of dark 
lines or apaoos in the spectrum and 
the blotla^ ont of oolonr after colour. 
If a wedge-shaped trough be usod to 
hold the ooloured liquid behind tho 
BUt, it may be gradually moved so as 
to interpose thicker and thicker layers 
of the coloured liquids, and thus to 
produce the same results as those ob¬ 
tained by grodnally increasing the 
strength of the solution. This method 
is of service when we wish to know tihe 
result of diluting any ooloured liquid 
whioh has to be employed for artistio 
luirposes. Thus, it will be found that 
some reds, when diluted, instead of 
becoming pink, pass tiirongh orange 
to yellow; while some blues, instead 
of bocoming paler blues when weak¬ 
ened, become either green on the one 
hand or violet on tho other. 

Wo turn now to tho ro-oomposition of white light from its 
constitnont elements. There arc several ways of accomplishing 
this result. If we receive the speotrum of coloured rays pro¬ 
duced by ono prism on another precisely similar prism, but in¬ 
verted (Fig. 4), the emergent beam, B, will bo white. Tlio oon- 
contrarion of a spectrum by a bi-convex lens or a concave mirror 
gives a white and not a variegated imago. Or tho seven so- 
called principal colours of a spectrum may be received upon 
seven little mirrors (ns shown in Fig. 6), and then these mirrors 
may be so adjusted that their separate images are superposed. 
In this case also a single white imago is obtained. 

A less perfect mode of re-uniting colours so as to form white 
may be accomplished in tho manner suggested by Newton. A 
disc (Fig. G) is painted in radiating segments -with the nearest 
approach afforded by pigments to tho seven colours of tho speo¬ 
trum, tho centre and edges being made block. IFho relative areas 
of the several eolonrs mast bo adjusted so as to correspond as ba 
as possible with tho normal spcctmm, introducing, however, such 
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difierenoeB M tite imtwrfeotiotiB of the pi^menta tised may de¬ 
mand. As red, green, and bine are the meet prominent oolonra 
of the epeotmm, they Aoold be need in larger proportion than 
&e orange, yelkw, indigo, and riolot. Indeed, a very reepeot- 
able kind erbitteh grey may be obtained by the use of fever 
oolonre than eeren) bnt of this point ve ahell have oooasion to 
speak moro dofinitely further on. The beat pigments, hovorer, 
vreu vhen used in proper proportiona, do not prodnoe a per- 
feot white when the dieo painted with them ia rapidly revolved 
(aee 1%. 7), so that the retina reaoives in gniek euooeesion the 
knpteasum at the whole series. All oolonred bodies absorb mnoh 
light and do not reflect really homogenoons rays, and a grey 
is the renlt. If several aeries of similarly oolonred segments 
be painted on the disc the grey more nearly approaches wtiite. 
In the latter case the eyb rooeivos simnltanoously the impreasiona 
of the aevoral colonrs, and so the effect does not wholly depend 
upon the long persistraoe on tho ratina of these improsslonB. 

Wo may now tnm onr attention to tha mntoal relations of the 
several oolonrs. 

Boverting for a moment to tho pore solar spectmm obtained 
by means of a prism and a slit, and witii tha ozoluaion of all ez- 
tweous light, wo may first of all notioo that it consists mainly 
of three oolonrs—rod, groon, and bine. These oolonred ban^ 
ooonpy by far tho largest area of its most biilliMit portion. Tho 
orange, yellow, and soa.greoti, ihongh moro briUlwt, are very 
limited in extent, while tho indigo and violet region of the 
speotnim is much less oonspicnons. Now for many praotioal 
purposes tho theory of tho existonoe of only three primary or 
elemontary colours will bo fonnd very useful. The soieetion'of 
these primary oolonrs has, however, been far from unanimous, 
ono sot of obsoTTors choosing scarlet, green, and blue, another 
yellow, rod, and blue. Nearly all writers on tho ortistio aspects 
of oolonrs, such anthors as Chovroul, Field, Boilgravo and Hay, 
have ooooptod tho latter soleotion; but though it undoubtedly 
Sffords an easier means of studying tho nature of the mixed 
oolonrs which pigments and paints afford, it is bnt partially 
supported by exporimonia with tho pure colours of the spootrnm, 
and in some points is positively cuntradictad by them. Tho i 
rival theory, in which the throe primaries assumed arc scarlet, 
green, and blue, has been profoundly studied by Maxwell, and 
has boon made the basis of a small treatise on the science of 
colour by Mr. W. Bonson, a London arohitoct, who has done 
much to further tho aoceptanoe of this comparatively modern 
theory. We shall proceed to givo on ontlino of both views as to 
the relations of tho oolonrs of tho spectrum; thus our readei-s 
will bo able to form their own jadgmonts on tho two tboorios. 
For onr own part wo regard Maxwell's experiments as conolu- 
sivoly proving most of the positions ho has laid down when pure 
oolonred lights ore the sabjoot of comparison and ex[K!rimont. 
Yet in octnal work with pigmonts themselvoa, tlio older ihoory 
affords a moro immediate, though often a less exact, answer to 
any question which may arise. 

In order to study tho primary or simple, and the sooondary 
or mixed colours, several methods may bo pursuod. We bore 
namo three of the most imimrtant of thuso mothuds. 

Tint two pieces of paper with tho two colours to bo examinod, 
plaoo tho oolourad xrieoes on inch or two apart on a i>iooo of 
Uaok velvet, and sot up, equidistant between thorn, a slip of 
tiiin,'oolotttless plate glass; then oiljnst ike eye so that one 
oolonred patoh may bo seen by refleutiun from the near surface 
of the gbiss, ooinoident with the other patoh as seen directly 
thvongh tho glass. By inolining the glass the reflected image 
(ff «mo oolonr may be altered in intensity, and so the rolatiTO 
ptoporthms of tho two colours may be varied at ^ensure. 

i^otiior plan, devised, like tho last, by Helmholtz, consists in 
obtaining two intersecting apoetra. Two oloan-edged narrow 
■Hits, forming togothor a right anglo, thus V, ore made in a 
moMio platb. When this compound slit, brightly illnminatsd 
from behind, b viewed by means of a prism about twelve loot, 
off, two overlapping spectra will bo soon, the prism being held 
veitioolly. As eoeh oolonred band of one speetrnm crosses aU 
the oolonred bands of the otheer, the result of combining two of 
the spectrum ecdoors together may be stndbd. For this pur- 
{wsc it is desirable to employ sOlar light, fixed lines of 
which afford a means of identlfloarion of tlio several oolonrs, 
Wsd may be roodtly scon in the above-named speotm by means 
flt a teloseopo. The telosoope is fumishsd with moss wires, atrl 
• fSaphraga for limiting the field of vbw, plaeed a short dis¬ 


tance from the eye-pleoe of the tebsoopo and close to the eye. 
A third slit may be need, if it be desired to unite three oohmi^ 
rays. A modifloation of this method of producing overlapping 
spectra oonsUts in cutting ont from a piaoe of white cardboard 
throe pieoea of tho shajm indicated in Fig. 8 by the blaok 
spaces. The perforated cardboard, wMoh riionld be of large sbe, 
is placed in a bright with a pboe of black velvet below b. 
It b then to bo viewed six or seven yards off with a prbm having 
its refracting angle turned sway from the eye, and placed at right 
angles with the edge a B of the cardboard figure. No desoription 
can give on idea of the boanty of the 
overlapping spectra thus prodnoed. The 
Hunilts obtained by Helmholtz and Max- 
vrell, by means of experiments oondnoted 
by the method of overlapping spootra, 
v^ be doBcribod below. 

A third method of combining oolouts 
b by means of a revolving disc such 
as t^t represented in Fig. 7. The disc 
may be pauited with tho oolonrs it is 
desired to oombina, and then rotated. 

Of course tho proportions of the colonrs 
used may be varied not only Iiy painted 
segments having different areas, but by 
the superposition of a second or third 
duo upon tho original one, the additional 
discs having sogmonts of different areas 
cat ont, and being themselves either 
white, bbek, or colbnrod. Tho various 
kinds of colour-tops and kaleidoscopic 
tops may be used for those expoiinioiits. We may now give 
tlio ohbf results obtained by Huluiholtz and by Maxwell, by 
moans of the first and scoond methods above dcseribed, premising 
that the statements refer to Iho coloured rays of tho pore spec- 
tmm, and not to those of pigments 

Helmholtz oonclndos that there are five primary colonrs. 
Those ate red, yellow, green, blue, and violet. With those, two 
or tbreo together, and in various proportions, ho oiiiaincd nearly 
perfect representations of tho mixed r.olouis. Many oombina- 
tions of throe of them yielded whito light. A groat range of 
mixed colours may be obtained by variously combining red, 
green, and violet. Helmholtz considers these three os affording 
bettor resnlts than red, greon, and blue, which MaxWl regards 
as the only essential primary colours, and ns infinitely profor- 
able to the older selootion of rod, ycUow, and blue. With 
regard to the mixture of colours, it apiiears that the following 
ate among the most important of Helmholtz's rosnlts 

Bad bluish-graon = yellow. 

Bud + blnish-greau s- indigo 

Bed H greeuisli-bluo 

Yellow + indigo 

Orange + blue 

The two most remarkable of those results are the facts that 
red and bluish-green make yellow, and tlmt yellow must there¬ 
fore bo regarded as a compound oolonr. When this yellow » 
united with tho deep bine called indigo, it prodnoCs white. Hero 
we have two conclusions quite opposed to the result obtained by 
mixing pigmonts. When vermilion and emerald green «re 
mixed, a grey with merely a suspicion of yellow is tho prodnot. 
When ohrome yoUow and indigo are mixed, a distinct green is 
the prodnot. We have before oUnded to tho causes of snoh 
disoTopanoioB, but may now explain them so far as relates to 
the examples just cited, sinoe these are typical eases (ff‘the kind, 
and illustrate the two chief points in which the new theory of 
primary colours differs from the old. VermUion rofleets' omefly 
rod and yellow light to the eye; emerald green chiefly green, 
but also a little bine and yellow. Mix these coloured powder* 
together^ and most of the red, green, and blue they reflect, M 
long 08 separately viewed, is either abBorl>ed or To>oombirmd 
into whitenOBS, Uttlo else remaining but tho small quantity of 
residual yellow rays common to both.. Similarly with ehrome 
yellow and indigo; tha chief colour they rofleot in oommon is 
green, and so most of the other rays whieh th^ reflset when 
sepaiido are either qnenohed when thqy are minted, or over¬ 
powered by ‘toe oosobined and enhanced effect it green 
common to both {figments. , 

We aluiU proo^in o<fi! nett leaaon with the aooount of toe 
new toeoty it oolonr ^ ghisg Kne of Maxwell'* xendti. 
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BI0GIC4PHI0AL SKETCHES OF EMINENT 
INYENTOES AND MANUFACTURERS. 

, T.-JAHBS BBlNDIiBT, EKQIHBBB. 

BT JAJ1B8 OBANT. 

Ik a vary amcdl oottag'o that has lonfr gisae faUen into rains, 
and the site of whiah is only mork^ by on enolosnte called 
Btindloy's Croft, three miles from Buxton, James Brindley, one 
of Bngland’s greatest en^neere, was bora in 1716. His father 
^raa a hunsble oollior, fonder of sport than work, and negleut* 
xid of his ohildten; bnt Mrs. lEbindley strore to supply his 
plaoo, by teaching them all the little she knew. James Brindley, 
in his soventaouth year, was bound apprentice to a wheel and 
mill Wright at Sutton, near Macclesfield, and there ho worked 
hard, bnt learned so slowly that his master on more than one 
oocoelon “ threatened to ooncri the indeuturos and send him bock 
to form labourer's work; ” but in the second year “ the bungling 
apprentice,’* as he was named, repaired without help the ma- 
ohinery of a silk miU so skilfully and so well that his master 
was delighted, and his fellow-workmen, over full of jealousy 
of a now hand, wore filled with mortification. 

At the age of twenty-six, ho began business on his own 
account at Lock, a small market town having only a few grist 
miUs in its vicinity. Brindley hod no capital save his skill and 
reputation as a thoroughly roliablo workman, and from his ten¬ 
dency to improve everything, obtained the sobriquet of “ the 
schemer.” Ho soon had plenty of work among silk, paper, 
flour, and other mills: but his odnoatiotf was defective; ho 
wrote and spelt badly. Ho obtained, employment from tho 
Brothvis Wedgwood, whose flint mills in Burslom he erected 
with snoli success, that fame and hnsinoss came together, and 
his reputation as uii onginoor V)ogan to spread. Thus ho was 
employed by Mr. Hoathcoto. of Clifton, to drain^io names on his 
estate, an object effected by Brindley, who l^uellod through 
tho solid rook for COO yards to prain tho fall of the river Irwcll, 
loading tho water to the breast of on enormous water-wheel fixed 
in a ohombor iliirty foot below tho surface of ground, from 
tho lower end of which, after oxoroisma He p^or,»it flowed 
away into tho lower bed of tlio Irwoll. ^bis w^od tho mines 
of water, enabling the men to got coal in Seo^orom which they 
had long been excluded. Moohinory for a silwKill at Oongloton 
w.'u« his neit work, and after mnoh quarrellHvith tlio super- 
intimdont, who taunted him as a “ common whowwright,” ho got 
tlio construotion of tho ontiro mill placed in his own hands; and 
tho result was that, when finished, it was found to be one of 
the most oomxiloto and economical arrangements of manufactur¬ 
ing maebiuory that hod ever been erected in the neighbourhood. 

Thoimx>rovoraci>tof tho stcam-ongine next occupied his atton- 
tion, as he conceived it possible to work it with loss fnol than 
was at that time used; so in 1756, when erecting one for Mr. 
Broado, in Staffordshire, he adopted the expedient (afterwards 
tried by Watt) of wooden oylindors insteail of iron ; ho substi- 
tatod wood for iron in the chains which worked at tho end of 
tho beam. Liko Watt, ho had to relinquish the wooden cylinders; 
but surrounding tho metal ones with a timber ease, filling the 
intermediate space with wood ashes, and by this means using 
no more injection of old water than was necessary for condensa¬ 
tion, ho reduced the waste of steam to one-half. This work 
cost him great anxiety; bnt the year 1758 found him construct¬ 
ing a new and improved stcam-ongino, the specifloation of which 
ho duly lodged at tho Patent Oifiae on the 26th of Hooembor. In 
its formation a great deal of wood was to be used, for ho seems 
long to havo roiainod his mill-wright predilection for that 
material; but ho hod completely discarded it by 1763, when he 
come to erect the engine for tho Walker Colliery at Newcoetle, 
whioh Stuart has pronounced to bo “ tho most oompleto and noble 
piece of iron-work” that hod np to that time been produced. 

Brindley's growing fame now brought him in contact with the 
famous I^ike of Bridgewater, who after his raeiug exploits, his 
love p^oir, and his disopxxiintment, retired to Wotdey end be¬ 
took him to canal-making, and hod revived an old Act of Parlia¬ 
ment erapowened his father to moke Worsley Brook navi- 
g^le to the point at whioh it entered the Irwell. Bnt the 
y^g dnke had the Act framed in a now form., whioh enabled 
him to out a navigabte oanal from Worsloy.MiU to Salford, and 
ihenM to a point on toe Mersey called HoUin Ferry; and the 
people of Maaoheeter hailed the event os a great pnblio boon. 
Ty« was the first projeot ia Upland—luleu we except some of 


those of bid Andrew Tarranton—for cutting a savigp,ble treneh 
through the dry land, and Brindtqr was oonsnlted by the dnke, 
who was muoh impressed “ by the native vigour and originoliigr 
of the mfiettered genius,” witii .whom he was now brought in 
oontaot, and to whom he entrusted tho entire conduct of the 
proposed work. 

Brindl<^’B ideas on toe subjeot were thoroughly original. 
He suggested that, instead of oartying the oanal down to tho 
Irwell by a series of locks, such aa never before had been 
attempted in England, it should be carried right over the river, 
and constructed on one entire level thronghont, filling up the 
low ground on ono side of tho Irwell by a migh^ embankment, 
and uniting with the land on the other by a lofty aqneduot ot 
stone. In too course of making arrangements for il^, at that 
time, groat undertaking, Brindley had to make many journeys' 
to London, which ha always performed on horsobaok, proceeding 
in summer by Coventry, and in winter by the Great Kortli Bead; 
and tho now Act, permitting the duke to carry out his caniJ 
according to Brindley’s new plan, passed too House in the first 
session of 1760; but instead of going to HoUin Ferry, it was 
to be carried over the Irwcll near Barton, five miles west of Mon- 
cl^atcr, by a sories of arches, and to vary its oonrso accordingly, 
with a short branch to Longford Bridge, near Stretford. To 
attempt a description of this canal would be beyond onr sxiaae. 
The Barton Aqueduct is 200 yards in length and 12 yards wide, 
Bustainod by a bridge of throe arches, the contra of which has a 
span of 63 feet, carrying tho canal 39 feet above the river. 

Brindley’s labours wore not alone confined to tlie ooristrnotion 
of the canal, for his attention was equally dixeoted to tho whole 
arrangements, and tho machinery by whioh tlioy were carried 
ont, and in improving tho duke's mines. lu his time the sub- 
torranoous canal wbioh enters the bottom of a lull at Worsloy 
was only one mile in length; now it extends for nearly foriy 
miles in every direction underground. He invented tho crones 
for more readily loading the boats with tho produce of the 
minus, and laid down within the latter a network of railways, 

I all Icuiliiig to tliu wells which ho ha<} xiiorcod at different xioints 
in thu tunnels, through wliich tho coals weru shot into too 
boats waiting to receive them. Aftor-yoors, when tho use of the 
stuam-engino beromo so nniversal, havo X’rovod what a vast 
boon this oanal has boon to Manchester and all its neigiibour- 
hood, by affording that cheap and abundant supply of fuel, 
which is of such vital importunco now to the manufacturer. 

Brindley was next employed by too duke in surveying too land 
between Stretford and toe Mersey, for Utc xmrposo of cutting a 
canal in that direction, to aid too growing trade botwecu Liver¬ 
pool imd Manchostor, an important project on pnblio grounds, 
aud tho dnko at once took means to have an Act passed for bis 
new Bohomo. Brindley was overwhelmed with business; but his 
note-book (as Mr. Smiles records) shows that ho treated.himself 
to one holiday at this time, and the entry may bo taken as a 
specimen of his spelling: “ tho orounation of Georg and tlharlot,” 
tho now Bovoroigus of Britain. After much itorl^montaiy ox)po- 
sition, Brindley luul the pleasure of constructing the duke’s now 
canal to Bnneorn. Tho oourso of this important work, which 
unites tho trade of Manchostor and Liverpool, is twenty-four 
mile.s in length, lying entirely in new.nsl sandstone; its prin- 
cix>al earthworks consist of clays, mark, bog-earths, and occa¬ 
sionally toe sandstones of tho formation. Suluiiioor Bog was a 
Borious obstruction ; bnt to Brindley, difficulty was Only a somo- 
tliing .to overoome, and bo resorted to timbcr-caeing.s and erect 
deal bulks, laid in rows and sorowod together, to giva_ oonsis- 
toncy to tho bonks of toe canal there, ’fo jirovido against tho 
chances of dd£gcr by too banks bursting at any point, ho hml 
stops or floodgates lUd in various ports of tl»o bod, ro that ia 
the event of a breooh ooenrring, and a rush of water taking plooo, 
the current would have tho effect of raising tho valvular flood¬ 
gates imd 60 shutting off the stream, and preventing tho escape 
of more water thaw was contained in that division of the canal; 
and in resorting to those ingenious expedients, it toould be 
borne in mind that the unlettered Brindley had no proviona 
exiierienoo to fall back upon, and no literary knowledge of toe 
works of foreign engineers. All was toe result of bis own 
original thought. 

Marvellous was Brindley’s close application to the minntast 
details of business, for the purimse of oconomiring work and 
money. “ He seems to jiave settled with the farmers for their 
tenant right, sold and aoaonnted for .the wood cat down and 
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the gnrd dug out idong the line of tite oaml, paid the work* 
men emploged, laid out the work, meonred off the quantities 
done from time to time, plann^ and ereoted the bridgea, 
designed the canal boats for conveying earth to form the em¬ 
bankments, uniting in himself the varied funotions of land-sur¬ 
veyor, carpenter, mason, brick-maker, boat-builder, paymaster, 
and engineer. We even find him descending to oount bricks 
and aril grass. Nothing was too small for him to attend to, or 
too bold for him to attempt, when necessity arose." 

One of the most singular features in the history of this 
aanal enterprise is that, although it yielded an income which 
aventually reached i68U,000 yearly, it was planned and executed 
by Brindley at the rate of 3 b. 6 d. per diem, and for a great part 
.tfftiie time his fee was but half-a-crown daily! He was not 
insensible to the inadequacy of his remuneration, and was con¬ 
sequently somewhat independent in his bearing towards the 
duke, who was now completely lost to the world of fashion, and 
absorbed in the progress of his mills, cansla, and coal-mines, and 
at times actually suporintonded the work on his own coal-wharf 
at Hanohestor, where ho was unco scon to lift a heavy sackful 
on a labourer's buck. 

Before the duko'a canal was finished, Brindley was actively 
engaged in a greater enterprise, the oan^ which was to connect 
the Mersey with the Trent, and both with the Severn. Smeaton 
was joined with him in mining a combined report on the prao- 
tioability of the nndertaking, for canals were as yet too untried 
in England to bo hastily entered npon. Brindley suggested 
'thatthe now undertaking should be called “The Grand Trunk 
'Oanal," as be sagaciously foresaw that many others would 
branoh out from it, in the oourso it had to traverse. The inn¬ 
keeper, pack-horse, and wagon interests made violent oppo¬ 
sition, and foretold the ruin of England—even the decay of her 
merchant sorvioo—if this system of canals wore pursued. 
However, the bill passed, and on the 26th of July, 1766, the 
first sod was out by Josiah Wedgwood, the famous potter, on 
the slope of BramhiUs, in Brindley’s presence; and many of the 
leading persons present put their hand to the work by toms, 
each outting a sod or wheeling a barrow of earth in honour of 
the event—most fonuidablo undertaking that England had 
yet seen. 

The meet important works on this canal were the five tnnnols, 
''the Hareeaetlo, 2,860 yards long ; the Hermitage, 130 yards ; the 
Boruton, 560 ya^s; the Saltomford, 3&0 yurds; and that at 
Breston-on-tho-Hill, 1,241 yards. When Brindley proposed to 
-out a navigable tunnel under the great ridge at Harecostlo, ho 
was ionghod at as a waster of capital, a rash projector, and the 
■mall wita of the distriot apoke of it as his “Air Castlebut 
the bold engineer set to work undauntedly. He aunk shafts 
from the hill-top to the line of his intended oanal, and drew the 
■tuff ont in the usual way by horse-gins; wind and water 
mills earned off the eabtorraneons springri, and fire-engines and 
«tau>spherio engines pumped great volnmee of water ont by 
night and day, and the work was carried on at botli ends of the 
tsmnel at the aame time, till tlie vast excavation was cleared, 

' Igrahed in, and completed. In two years’ time, he had twenty- 
two milaa of the navigation ent and finished, bnt it was not 
flaaily open until the year 1777. It soon cansed the potteries 
«f Bwslm and Stoke to flonrish, and new branches of industry 
to apring up. Thna, abont ten years after the opening of the 
Qn^ ^^unk, Wedgwood stated before the House of Commons 
that lAOOO to 20,000 persons were employed in the earthenware 
sBHWfaotnre alone, while the annual import of clay and flint 
into Staffordahire was about 60,000 tons; and he added truly 
-that the trade was but in its infancy, for now the outward and 
^mtrd ioBsage of the Potteries is for above 300,600 tons 
yearly. 

Am Brindley had foreseen, many branoh oanols were projected 
In oonneetiott with faia Grand IVunk. One of those was at 
Wolverhampton, oonneoting the Trent with the Severn, and now 
known aa the Staffordshire and WorObstershire Canal, opening 
up the coal-fields in districts now teeming with population, fuU 
«t inm-works, and in direct oonnectiem wito Liverpool, Hull, and 
^iatoL Brindley laid out tiiree more oanalB in 1768: the 
Oovantry Canal to Oxford, oonneetii^r the Grand Tmnk system 
hy Idehfirid with London, and oonaequen^ with, the ThmeSf 
W Bndtwieh Canal, to oonneet that town with the Severn; and 
another from Oxford to the OoventayvCamd at Longford, a dla- 
tunoo of nighty-two miles. Anptimr ht Kdndley’a canals, aaiho- 


rised in 1769, was that between Cheaterfield mad the ^Koot at 
Stockwith, for the transport of ooal, Ume, and lead from the 
miiieral roeouraes of Derbyshire. Tto entire length of canals 
executed by Brindley amounts to 365 miles, 6 furlongs, 6 ohains. 
He was now looked upon as unquestionably at the head of hia 
profession, and as the great authority on all questiona hf inland 
navigation. 

In addition to his canal works, be was oonaultad aa to the 
best mode of draining the low iauda in different peats of linooln- 
shire, and the Great Level in the Lde of Ely. He also aappliod 
the Corporation of Liverpool 'with plana for oleanSliig the dooka 
and keeping them clear of mud. 

When close on his fiftieth year, ha married a yonng girl 
named Miss Anne HenshaU, daughter of a laad-sarveyor; and 
from that time, 6th of Deeomber, 1765, ho resided at Tumhurst, 
which was oonvoniontly near the works of the Harecastle Tun¬ 
nel. James Brindley was perhaps one of the most remarkable 
examples of untanght genius that England has produoed. He 
could Bcarooly rood, and barely write; he oonld not spell throe 
words oorroctly. Tlie literary test cannot bo applied to him, yet ‘ 
his works or undertakings gave an impulse to social activity, 
and greatly improved and inflaenood the condition of hia 
countrymen in the midland and other districts of England. 
While surveying for a branoh canal between Leek and Froghall, 
ho got drenchod by rain, and omitted to change his olothoa. 
Diabetes shortly developed itself, and after a protroeted and 
painful illness, he .died at Tumhurst on the 27th of Septem¬ 
ber, 1772, in the fifty-sixth year of his age, and was interred 
in the burying-ground at Now Chapel, a few furlongs distant 
from the house of his young widow, who married again, and died 
so lately as 1826. 

They had two daughters, whose doBoendnnts are now living in 
Tasmania. 

THE ELECTRIC TELEGRAPII.—III. 

By J. W. ■Wiam-.n, B.A.. 

BVBTKBKXNEAN links— aUBUABlNX CABLBS—riBST CABLR 
FBOM DOVER TO CALAIS—ATLANTIC CABLES—PERSIAN 
OtTliK CABLE—SIENENS' CABLE. 

SoBTERRANEAN lines are bnt seldom employed except in speoial 
and peunliar circumstances, aa, for example, in connecting im- 
port^t fortroHsoB or military stations with one another. In case 
of an invasion all ordinary linos would at once be cut; but if on 
underground wire has boon laid by a oironiions and well-ohosen 
rente, it is very difficult to disoover it. In the present French 
war several of these linos, oonneoting difibreat fortresaos, have 
been discovered and ont, but not till after they had rendered 
good service to the besieged. 

Submarine lines are of mncih greater importanoo than tiiaae, 
and have demanded in their manufacture all the skill and in¬ 
genuity that oonld be brought to bear. To na, in our snug 
island home, they are ospeoiaUy important, and by their means 
we ore now linked in oleotric^ oironits with all neighbouring 
countries na well os with several 
which are very remote from us. 

The first attempt at a snb- 
marine cable consisted of a wire 
coated with gntta pereha, which 
was laid between Dover and 
Calais in 1850; bnt this was so 
imporfoot that it failed after the 
firrt day. A fresh attempt was, 
however, made the next year with 
mnoh increased suocesa. . The 
oablo Imd on this oocasion is re- 
preaentpd in Pig. 8, which shows 
B secidon of the tme size. 

The oondnetor oonsisted of foiu copper wires (No. 10 Bix- 
vingham wire gauge), eooh at whibh was separately inanlatod 
by being covered with gntta-panffia. These wires were laid 
aide by aide, a little hemp being placed between them to prevent 
their chafing; tarred hemp was then laid on so as to fonn a 
aoUd rope, and ontride all, aa a proteoldon against accidental 
Iqjnry, tlmre were.galvanieed irem wires (No. 1 Birmh^ham 
wire gauge) spindly wound. The cable, when complete, weighed 
about seven tone per mile, and poesessed very great atret^fth. 
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It wiM foimd to Muwer admirably, and baa remaiasd is woikmg 
order ever ainoe. 

experiment haring: anooeeded ao thoronghly, many other 
linea were epeedily projected and laid, moet of which answered 
wen. There hare, however, been several failures, and these 
very costly ones; but they have been the means of drawing; 
attention'to defeoU in the mode of mannfaotnre, so that in the 
present day sttooeas is almost oertain, even when the leng;th of 
the cable is very great. 

It will esbsily be seen that the risk and difficulty morease in a 
very rapid degrroe with the length. A few very minute impcr* 
fections, so trifling os only to be discovered by tlie greatest care 
and Boientifia skill, wiU suffice to ronder a long cable almost 
useloBB, and it is very difficult to get at them so as to repair 
them when onoo the cable is laid. The pressure of the water, too, 
at the bottom of the sea is very grreat, and thus any flaw soon 
becomes manifest, os the water is forced into it, and mokes an 
escape for the electricity. 

The whole of a cable is now constantly and carefnlly tested 
during oU the processes of its manufaotare, so that there is 
but little ohanoo of a defect passing unobserv^. The core after 
being mode is submerged in water, and after remaining so some 
bonra is carefully tested; should any portion prove dofootivo, 
the exact position of the fault is asoertainod, the defective 
piece is removed, and the core spliced ag;ain. The same pro¬ 
cess is repeated when the cable is complete; and during the 
process of laying oucrents are conttnnally transmitted along it, 
BO that faults, should tbero be any, may at once bo detected 
and removed. 

In 1853 a oablu was laid between Do^er and Ostend; this 
was very similar in construction to that already figured, but it 
contained six conducting wires instead of four. More rooently 
this plan has been almost given up, and each cable now usually 
contains only one conductor, though this is often composed of 
several wires twisted togotheri 
In 1856, BO rapid hod been the advance in 
the manufacture of telegraph cables' tliat a 
project was started for making one to connect 
England and America, and in the summer of 
1858 this was completed and laid, 'llie deep- 
sea portion of this (Fig. 10) was much lighter 
than those already described, weighing only one 
ton por mile. The conductor here consist of 
seven copper wires. No. 22^ gauge, twisted together. It was con¬ 
sidered proforablo to employ those instead of a single wire of larger 
diameter, as in case of any defect in one wire the current would 
easily be transmitted along the remaining six without being 
perceptibly interrupted. This strand was carefully covered by 
three coatings of gutta-percha, so as fully to insulate it; addi¬ 
tional protection and strength wore then imparted by a serving 
of jute saturated vrith tar and other preservative materials, and 
outside this, eighteen strands of iron wire wore carefully wound 
on, oooh strand consisting of seven wires No. 22 gnugel Near tho 
shore there is, of course, a much greater risk of accident than in 
the deep sea, where, when the cable is onoo laid, it soon beoomos 
oovorod with sand or silt, and is practioally safe from injury. 
In the shallow water the bottom is mere affected by currants 
and storms, and hence a mnch stronger portion, known as tho 
shore end, is spliced to the deep-sea port of the cable. In this 
first Atlantic cable the same core was used as for the deep-sea 
portion, but instead of the strands of fine iron wire, an extra 
serving of hemp was laid on, and outside this twelve stout iron 
wires' were coiled, so that tho diameter of this portion was 
nearly three times as groat os that of the rest. The total length 
of the wholo was a little over 2,000 miles. It was, however, far 
from snco^sful; snffioient care was not taken in testing it; 
heneo therd'Wore fanlts in it from the very first, and only a few 
messages were passed along it before oommnnication ontiroly 
oeased. This experiment, being a very costly one, checked a 
little tho manufacture of cables; but the causes of the want of 
snaoesB soon became apparent, and thus much vahiablo informa¬ 
tion was obtained oven by the faihiTO. 

Two cables have since this been laid between England||and 
America, both of which have anaworod well, though s6mo 
seripus difficulties were encountered in laying them. 

Fanlta have occasionally been disoovorod, tar, those have boon 
found to arise from injuries inflicted either by design or acci¬ 
dent, and have been repaired. In laying one of these, the cable 
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j broke and the end was lost. T\o exact position was, however, 
noted, and snitable drags being obtained, the end wan fished up 
from the bottom, splioed on to the new cable, and the wholo 
completed. The fact of thns being able to find the end of a 
cable, lost at a very great depth, is perhaps one of the most 
wonderful recorded in connection with the laying of Bubmaxine 
cables. 

The former of these two cables is 
represented in Fig. 11. The core con- 
sista trf seven No. 18 ^uge wires, 
twisted into a spiral; this is covered 
with four coats of gutta-poreha, alter¬ 
nating with thin layers of Chatterton’a 
compound, which uonsists of 3 parts 
of gutta-percha, 1 of Stockholm tar, 
and 1 of resin. These bring the dia¬ 
meter of the core nearly ap to half 
on inch. Outside this is a covering 
of hemp, woU saturated with salt 
water, and an outer layer of ton wires of homogeneous iron. 
The peculiarity hero is that each of theso is separately sur¬ 
rounded by Manilla yarn, saturated witli a preservative com¬ 
pound. For the shore end a portion of the completed deep-sea 
^ble is used, but it is further strengthened by another layer of 
hemp, and some more wire strands. For submorging this cable 
the Great Eastern stoamor was employed, fitted with large 
tanks, in which the cable was coiled and kept submerged till it 
was laid. All the core was tested in water at a considerable 
pressure before it was made np into tho cable. 

One of the most reuent cables laid is that along the Fenian 
Gulf, between Teheran and Bushire. The core of thie ooneists 
of copper wire of good quality covered with Hooper's india- 
rubber compound to a diameter of '320 inch. Two servings of 
hemp saturated with tor-water were then laid on in reverse 
directions, and strength was imparted by twelve galvanised 
wires *192 inch diameter. These 
wore separately coTorod with a mix¬ 
ture of tor and osphalte, and tho 
wholo then coated externally with 
two layers of Clark's Patent Asphalto 
Covering, so ag to give it a smooth 
and oven surface. 

Fig. 12 shows a portion of the 
cable, each layer being separately 
removed to show tho oons^otion, 
while Fig. 13 shows a section. Many 
other forms of covering have been 
tried with varying degrees of success, 
the object in iJl being to reduce as far 
08 possible the sixe, and consequently 
tho weight of the cable. This, how¬ 
ever, must not ho done at tho expense 
of si^ngth or dnrability. One cable, 
constructed by Messrs. Biemons, con¬ 
sisted of a small core, protected in 
the usual way by fine hemp, and out¬ 
side this four strips of thin copper 
sheet were wound round in suta a 
way as partially to overlap one 
another. This cable, which was laid 
between Cortbogena and Oran, 
worked uncommonly well for a little 
time, but it was hud on a very bad 
bottom, and consequently was soon 
chafed and broken. When tho bed 
of tho sea is rocky the cable is voiy 
apt to chafe, especially if there bo 
any great ineqnalities. The best 
bottom is a flat ono oovorod with fine sand or siliceous deposit. 
In this a cable is thoroughly protected, and should last almost 
indefinitely. 

Wo have now carefully inquired into tho different ways in 
which the olectrio fluid tan ho conveyed.from place to place. 
It is, however, nooessary, as wo have soon in our lessons on 
“ Blectrioity,” to hnvo a complete oirouit in order for tho 
current to produce any offoots; in other words, wo must provide 
soma return path for tho current, as woll as a oonduotor along 
which it may travol to its dostination. For this purpose a 
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apooial wiro used to bo erectod, ad that the oarreat might paaa 
■Jong the oao and Totiwn by the other. Ihiii waa, howoTer, 
Boon found to bo unnecesiiaTy, sisoe the earth will ianawer eTory 
pnrpoBo of a return wire. All that ia requlaite ia to bury a 
large plato of metal in the earth near each atation, and let the 
eai^i wire of the distant station be oonneotod with the one 
there, whiio one pole of the battery at the transmitting station 
ia couneetod with its own oarth plate. The current then iiaasea 
along the wire, through the instrument, on to the earth plato, and 
bach again by the earth plate to the 
battery, thus completing the oircnit. 

There ore, however, a few oocaaions 
in wbioh a return wire is a great ad¬ 
vantage. Strong currents of elec¬ 
tricity at times appear to travel from 
one part of the earth’s surface to 
another, 'rhis is especially noticed 
daring the appearance of the Aurora 
Borealis. Sometimes they continue 
to flow steadily in one direction, at 
other times they ohango very rapidly. 

Pig. 13 . Thoso are known as “ earth currents,” 

and they seem to enter the wires 
by one of their earth connootions and travel along them, dofieos- 
ing tho needles in their way. If the earth connections be 
severed, these currents at onco cease in the wires; but while 
they arc passing messages are considerably interfered with. 
Sometimes, when they are steady and uniform, oommunioation 
may be maintained by cutting tho batteries altogether out of 
dreoit, and signalling by tho earth current alone. It is not 
often, however, that this oan bo done, and the best course then, 
if there are soToral wires between the stations, is to alter the 
connections so as to make one a return wire, joining on the 
earth wires from the instinments to it instead of to tho oortk 
plate. When this is done tho whole oircnit is completely 
insulated and cut off' from aU commnnicatiou with tho earth; 
the earth currents cannot therefore pass along tho wires, and 
if they affect tho working at all, only do so by their inductive 
aotion. 

Any lino of telegraphs—^whether aerial, subterranean, or sub¬ 
marine—is liable to injury, us, e.g., by tho breaking of an insu¬ 
lator or a wound in tho insulating oovoring, and at first it was 
a somewhat difficult matter to discover the exact place of tho 
fault, or, as it is termed, to “ localiso” it, tho only plan being 
to test at intervals all along tlio lino until tho oxacit place at 
which the communication became dofectivo was discovered. 
The rapid advance, howovor, mado recently in tho nonstmetion 
of dnlicato pieces of apparatus, and our inoreasod knowledge 
as to the laws which regulate the passago of olootrio onrronts, 
now enablo the operator, without leaving tho station at which 
he is, to discover tho exact place of the fault, and thus without 
loss of time to have it ropaired. The manner in which this is 
accomplished wo must explain in our next lesson. 


ANIMAL COMMERCIAL PRODUCTS.—VIII. 

HOBKS AMD ALLIED BUB.STAMCEB (continiMd). 

HoitM is manufactured into many other artiolos besides combs, 
ffirnttboxes, drittking.CT'.ps, sboe-homs, and powdor-homs ate 
all made of horn. I'ho fragments of horn, molted and com- 
IHWBsed into a solid mass in moulds, form bell-pulls, handles for 
table knives and forks, knobs for drawers, and many other 
tneful artioles; or, if exposed to a decomposing heat in close 
vessels, these fragments develop prussic acid, and for ibis 
reason are in doinmid among tho manufacturers of Prussian 
blue, and of the bcautifnl yellow prnssiatc of potash. The 
Kolid tips of the horns are always sawn off, bccanso thoso parts 
are not ismollatod, and therefore incapable of separation into 
plates. They lim mado into knife and umbrella handles, tho 
tops of whips, buttons, and various other artioles both nsofnl 
and cymnmentol. 

The quantity of horn nunually worked up in the manufao- 
taroB of Great Britain, inelnding the produce of our own 
linimals, is estimated at 6,400 tons, of the value of A180,000. 
!nie oomb manufacturers alone oonsume 1,300 tons, whieh pro- 
daoe ,£830,000 worth of combt, Homs of oxen are largely 
axported from Sou^h 'Ametioa, from Buenos Ayres, Monte 


Video-, and Brasil, ibe lost taking, os regards sise and quality, 
the first rank. Tbe Indian bufli^o from Siam fumishoa a vaiy 
valuable bom, of which we receive annually about 20,000; tho 
Cape of Good Hope and Now South Wales also supply our 
markets with ox-homs. Tho manufaotore of articles from hoofs 
and horns is carried on very extensively at Aberdeen in Scot¬ 
land, whero an immense establishment exists. 

Tho hoofs of horses and ruminant animals, though similar to 
horn in character, are not so useful as horns, because they are 
much heavier and are less eamly worked. They are, however, to 
some extent made avoilablo in the manufacture of buttons, 
cheap combs, and similar orticlos. 

11. WMALBBOKK. 

Whale (Balmna mysticeina ).—This animal fumitbes the 
baleen, or whalebone of commerce. Commonly rogardod as a 
fish, tboy are novortholoss true mammals, producing theii- 
young alive, and suckling them for a considerable time. They 
arc very soahtblo, swimming in large shoals, and sporting on 
the surfaeo of tho water in iboir native Aroiiu seas. 

Whalebone or baleen consists of nuinorous parallel laminm 
desconding porpendionlarly from tho palate of tho animal. Tho 
object of this sti-noturo is to form an eflioient sieve or strainer 
fur tho food of tho whalo, os it oomos in with tho water. 
Alriiongh provided with on immense mouth, this enormous 
ci^ataro has an oesophagus or food-pipe so small, that ho is 
oompelled to nourish his vast bulk by the consumption of somo 
of the ‘smallest inhabitants of tho soa, his food consisting of 
small mollnsca ami cguetaoca. ” To procure those insignificant 
moiHols, ho oiigulfs a whole shoal of thorn at onoo in his capa¬ 
cious jaws, whoi-o they are of course entangled among tho fibres 
of the baleon; tlio water is thon strainod off and expelled 
through the blow-holes, and the monster is thus onabiod to pass 
his diminutivo proy at his leisure into his stomach.” * 

Tho length of tho largest piouos of baleon in a whalo sixty 
foot long is about twolvo feet, and tho pieces aro arrango-l in 
two rows, 300 in each. Tho avorago weight of each pieco is 
seven pounds, and tho weight of tho whole is therefore 4,200 
pounds, nr upwards of ouo ton and three quarters, worth about 
£160 a ton. 

Whalobono is proparod for nso by immorsiou for twolvo hours 
in boiling wator, which softens and renders it fit fur munn- 
footnring purposes. It is valued for its flexibility tenacity, 
compaotnoss, and lightness, and is out into quadrangular sticks 
for tho ribs of umbrellas and parasols, tho supports of stays and 
other articles of ladies’ wear. In thin strips whalebone is used 
for covering whip-handles, wallcing-stiolm, and toloscopos. Those 
strips also nro phutod like straw to form hats and l;o;uiots, 
whilst tho fine shavings are employed by the upholsterers 
os a stuffing for cushions, for filling flre-gputes in summer, and i 
for other useful x’urposeB. 

III. OSSEOUS aUBSTAHCEB. 

Antlera .—Tlio antlers of tho difibrent spooies of dear are very 
viduabio for making a variety of useful and ornamental artiolee. 
Tho oMof supply is furnished by tho elk, wapiti, stag or red 
deer, 'and fallow deer. In Switzerland, brooches, pins, and 
bracelets aro made from stag’s horn; in Sheffield tko whole 
shaft of the horn is used in making tho handles of carving- 
knives, or it is out up into small plates and riveted on to an 
iron ooso for tho handles of pooket and peu knives. About 400 
tons are annually imported from Hindostan and Coyltm for this 
purpose: another 100 tons oome from Germany, Bussia, Spain, 
and Italy, and from onr own parks. About 18,000 he^ of 
deer aro annually killod in Greenland, and their horns sent over 
to this country. The shavings of the horns aro employed f(»r 
the purpose of making ammonia, whieh has thenffore long: 
been popularly known as “ bartsboin.” , j 

Ivory .—Our suppUes of ivory are derived ohiefiy from tho 
Asiitlo and Aiiiom elephants; the tusks or canine teeth of 
these animals furnisb tho article, but those of the African spedes 
are the most valuable. Blepbants’ tusks from two to tan fast 
ii|iji|(V|iirf1i. and weighing from 6 to 160 pounds, are imported 
into this country from Senegambia, Guinea, Momnbiqne, 
and &fala; and dko brought from ike interior of Africa 


* " Kntnixi Kisiory of the Animal Kingdom." By W. S. Daltea, 
P.L.S. ISM. 
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in oazavanB and shipped at Alexandria, Tonis, Tripoli, and 
Cairo. Wa reoeire them, besides, from Bengal, !Knn^, Siam, 
Coohm>Giiina, Oqrlon, Sumatra, and Java, ^ere are largo 
buildings erected in Birmingham for the maanfactoxe of irory, 
and also lit Noremborg in Germany. The Chinese are unrivalled 
is tJiis manofactara. Their ivory bolls, carved one inside 
another, are marvels of patience, industry, and ingenuity; and 
tiieir ohessmen, cabinets, drinldng-onpB, and numeroos other 
articles made of this material ore most elaborate in their 
ornamentation. 

Generally and technically under the name of ivory ate com¬ 
prised the tooth of tlio narwhal {Monodon momiceros), walras 
{Trichteus rosmarus), an(rhlpp6potamus (Hippopotamus amphi- 
him), whiob, like ivory, are vrorkod up into a varioty of 
things, and always keep white. 

Ivory is largely oonsumod in the manufacture of billiard-balls, 
'which cost from six to twelve shillings each, and aro so nicely 
turned that ilioy ero perfectly spherical, and made to corre¬ 
spond accoraioly in sLso and weight, oven to a singlo grain. The 
groatost consumption of ivory is undoubtedly iu connection 
with the cutlery trade. A large amount is also worked up in 
tho monufactnre of the books and handles of the host hair and 
tooth btusbee. 

The miniature tablets, so involuablo to tho artist, are ent 
from off tho tusk by on extremely thin saw acting horizontally, 
just as we pore an apple; so that from a solid tu^, of tho 
ordinary size, a sheet of very considerable length con bo 
obtained. In the Great Exhibition of 1851, one manufacturer 
exhibited a sheet of ivory sixty foot in loijgth, obtained without 
Joining, and which Lad thus been pared off from a singlo tusk. 
Wo import tmnually .‘50,000 elapbants’ tusks, weighing 10,000 
owts., and consequently wo may oalculato that not loss than 
25,000 elophanta are kiUod annually to supply the English 
market alone. 

Tho material of ivory is so valnablo, that economy in its use 
is neoosaarily studied, and the emollost fragments arc proservod. 
The refuse of ivory is itsod fur making the Unost black colour 
•(■noir d’ivoire) by oonvcrtitig it into charcoal in air-tight vosaols. 
Sueh ivory refuse, consisting of ivory serapings, shavings, and 
sawdust, when boiled, makes an excellent jelly, quite as good 
as oalf’s-foot jelly, and with tho advantage that it sailors no 
ohonge by keoppg. Ivory refuso is thereforo saleable to tho 
oonfecdiiAier and .pastrycook, by whom it is very frtquently 
employed in this way. 

Bone .—Tlie skeleton, or framework of animal bodios consists 
of IjbheB artioulatod with each other, which protect the vital 
organa, and form a basis or support for tho softer parts, and 
for tho attachment of the musclos, or orgaim of locomotion. 
In the arts, bones aro extensively employed by tho cutler, comb 
and brush maker, chemist, confootionor, and agriculturist. 
Common bono is manufaoturod into buttons, combs, knife, fork, 
and brush handles, card coses, parasol handles, book folders, 
and numerous other articles. Tho chemist obtains phosphorus, 
sal-ammoniac, and oharcoal from bone, and tho former a most 
valuable manure—snpor-phosphatp of lime—which has a qniok 
and efficient action on the crop, lisxgo qnantitios of bones of 
oxen aro imported to Great Britain from Buenos Ayres, etc., 
for this purpose; aud also ,tho bones of seals, captured in tho 
North Seas for their fur and oil, and brought home by tho 
soelem. The number of tons importod during tho year 1867 
amounted to 83,814. 


TECHNICAL DRAWING.—XII. 

DBaWING yOK JOINEK8. 

Tbs limits of those lessons now render it nooeasaiy that some 
attention should be imid to suoh examples os form studies for 
drawing tor joiners. Yet wo would not wish to bo understood 
that the lessons hitherto given do not appertain to joiners, or 
that those about to bo given possess no value to oorpenten. It 
'is diffioult to say what is the exact boundary which divides tho 
two branches of wood-work. Tho general rule, however, if that 
earpenters* work is structural, and connected with the oaroase, 
'whilst that of a joiner comprehends tho fluiahinga of the outside 
and inside of a bnilding. Of oourso, greater refinement and 
nioety ie required the joiner in praotioe; but thia will not 
hurt the oarpentei, nor can the BtrnctQra.1 knowledge required 


by the carpenter fail to benefit the joiner. In foot, a general 
knowledge of the praotioe of eaoh wiE make both work with 
greater economy, for one will work into the other’s hands; 
their work will, to use a teohnioal term, “ dovetail ” together, 
therefore tho two hranohes aro not separated hero by a hard 
lino; and that the student may see that the higher branohea of 
joinery approach cabinet-making and wood-carving, examples 
belonging to both of these branohea ore introduced. We sU 
know the pleasure it is to meet with a joiner who, in addition 
to the work of laying down floors, putting up wainsoots, or 
fixing window-sashes, con, when required, sot out and execute a 
piece of Gothic panelling or an organ screen, or who is able to 
carve any portion of the turn of a moulding which cannot bo 
worked with tho plane or struck by the machine. We therefore 
strongly urge tho student to work from the examples heroin with 
the utmost care, and subsequently to follow up tho system as 
bo will find it laid down iu the spooial toohnical lessons 
devoted to his trade. 

Fig. 00 shows tho method of uniting the boards a and 6 in 
a flat surface, called “ dowelling.” Iho edges of the boards 
having been aceurately planed, boles ore bored, pins (as at s) 
are glued into the one, and tho projecting ends being inserted 
into corresponding holes in the edge of the other board, unite 
Ahom firmly--tho edge of tho boiu^ e and tho end of the pin 
being glued. 

Squaro pieces of hard wood, or dowels, ore often used in the 
place of pins, and are shown at d. 

Fig. 91 is a method frequently adopted in floor-boards and 
panelling. It is ouiled rebaliny, and consists in planing away 
half the thioknoss of tho edge, so os to leave a ledgo standing; 
all tho boards being thus rebated, the ledgo left on the one fills 
up tho rebate, or “ abated ” edge of tbo other. This will be 
clearly understood on referring to the illustration. 

Fig. 92 is a method of joining boards called “ pWghed snd 
tongued.” In this case a groove is planed in tho one edge, and 
a tongue loft (by planing away the angles) at tho other edge of 
each board; tho tongue of the one then fits into the groove of 
tho otiier. In very good work it is usnal to plough loth edges, 
and insci-t a separate tongue. This tongue is formed of strips 
out tho cross way of the wood, as shown in Fig. 93. 

Fig. 94.—This method consists in working grooves across the 
back of tho pieces, a, hud forcing rabbets into them, ba bh. 
The bottom of this groove is flat (a), and its sides slant in- 
w.ards towards tho bottom. The sides of the rabbet aro also 
cut .Mlantingly, and a joint is thus formed called tho “ dovetail 
notch.” 

'I'liis method is oxcccdingly well adapted for making drawing- 
boards. 'rho rabbots must not thon bo glued, or otherwise 
fastened in, and thus, by moans of their dovotailod edges, they 
keep the board from warping, whilst at tho same timo they 
allow of its expansion and oontraction, and thus splitting and 
twisting aro prevented. 

Fig. 95 is an illustration of tho method of clamping the 
ends of boards, a h, by tongnoing tlio board and ploughing 
the piece which is to cross it, c. Somotimes, instead of bring¬ 
ing the end of tiio oross-pieco flush with tho edge of the board, 
it i.s out off .at .on angle, tho board boing out correspondingly 
to admit of tho insertion. Thia last method is called mitre 
clamping. 

Fig. 96 shows a very common method of joining up a flat 
surface by moans of framing and panelling. A groovo is run 
in the edge of tho frame, the edges of tho panel arc rebated, 
and the whole brought n;) flush. 

Fig. 97 shows a portion of a panel insertod into a framo 
whore a flush surface is not required. 

Fig. 98 represents one of tiio many mothod.s employed for 
angle joints. It is tho simple mortise and tenon, a shoulder 
being loft on tho emtor side of tho tenon by which tho one piece 
is soourod against boing forced out of porpendi(mlar. 

Fig. 99 is another melliod, which is nocomplishod by means 
of a mitre, part of tho wood being loft ns a tenon at tiro end of 
tho one part, which is inserted into tho mortise at the end cf 
the other. A pin is then passed through tho whole. 

DOCKS. 

Tho most common kinds of doors are constractod cf several 
simple boards, not fixed with glue or any tenaeions substance, 
but by muling transverse pieces upon tho book of tho boards 
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hid odga to edge. Tlie tnwRTene pieces thaa nailed ate oailed 
leiyet or bars, irhenoa fhe door ia aaid to be lodged or barred. 
In this ease one of the edges at erery joint ia beaded on both 
aides, or at least on tiis face which is outside, the edges being 
placed on the inside. 

Doors of this description ore generally employed in cottages 
or out^honses. 

Where dcora are 

required to combine = 5 === ■ j. .j.,.ra-r 1 ■- 

atrengtli, beauty, and 

dtmbUiiyi a frai^, I ^ 

and tenon, must bo .- 

oonstruoted, with one 
or more intermediate I' - . 

openings, each of _ • ~ ■ — • - 

which must be sur- ' [ ' " 

rounded by three or 
more ports of tha 

frame, which have V . - ■ ■ 

groovee ploughed in | 

the edges for the le- , I 

ception of boards to j n .. '"i[| 

olosotbeoieniugs, in- II II 

serted as in Fig. 97. | I "• ' ■' |j 

The parts of the I v- s aM I 

framing which aro I 

horiaontal when the | 

door ie bung or fixed [ | ' 

upon its hinges are | j j 

e^od TOifs—npper, j | 

middle, and lower. I | 

The extreme parts of | | 

the frame, to wbioh | 

the rails are fixed, are | | 

called the ttiles, and || || 

the intermediate ones j j_ 

are termed mount- —"I 

tngi. The hoards by 

which the interatices m. j..^ i 

are closed nre oailed | 

panels. M I 

Fig. 100 ia &e ele- I «————• [ 

vaiion of a p^ of ‘ 

folding - doota, with 
mouldings and oor* 

nioe. In thia example ' I 

it is desirable to com- | 

menee by drawing tiio | 

entite framing and I 

oomioe, with theiT I 

monldinga. Then | 

draw a oontral per- | 

pendioular, ou which | 

mark off the heights ■ ... i ’ ■• f l 

of the Tarious rails 

and panda, and draw _ 

horisontal linoa for | r^ -"'-Tr' . i;Kar| | 

npper and lower |il 

edgea>af these. From | 

t^ oontral porpondi- j | 

oolar next aet off the -— ^ 

widtb of the atilea, 

etc., and draw the r-“*T— d 

naoeaaar^ perpendi* 

onlara. The mould- I I_ 

ings to the panels 
may now be added. 

Fig. 101 is the abotion, on a larger arnlo.'of tho friexe and 
oonioo, showing how the rarioua members are put together. 
The ornamental monlding, /, is in Wiia design snppoaed to be 
made of pressed sine, in widoh some very bcantiful patterns 
ore now worked, wbioh are by for more durable limn tlioee 
made of composition. 

^Hg. lOa diowa the manner in which such doors moot in the 
tnid^ 

1^. 103 ia the plan of a foldutg (or French) window and 
ahstte^boz. a is the framing of the window; b, the window; 


e d, tiio folding shatter closed; ei, ditto folded; e/4, the easing 
of the shutter-box; g, the will; h, the inner easing. 

PanQDliT WOBX. 

Parquetry ia a beautiful speoios of fiooring, oonaisting of 
Tarious patterns formed of different woods—such as oheiry, 
oak, ebony, walnut, mahogany, maple, etc. It is very much na^ 

both in Germany and 
II Franco, and is now 
/ becoming fashionable 
.Y England. 'Hiewood 

.. . , ^ quetry consists ia 

I usually one inch 

_________ I thick, grooved, ton- 

-- -ttV the bock and comers. 

It ia well adapted for 
' • reception rooms and 

_ 7 picture galleries, for 

( I borders round Turkey 

^_^_^ I ■ car)>ete, as well as for 

~ ^I' landings and panel- 

1 I ling of rooma. 

_ I Kg. 104 ia o design 

I based on the square 

I only, and is too simple 

^ ’ I I to require any in- 

I I I atmetions os to dmw- 

I - II 

I I j advice already so fre- 

I j I qnontly given — to 

I ,, .n I work with the utmost 

I I I accuracy, for in snob 

I I repeating patterns, 

I II m>m- 

I - i I t ponont figures, being 

I inaccurately formed, 

I throws out tho wholo 

r ,, ... |. | | design. 

p- II ~ 

I design is ^Fawn by 

- I Betting out a number 

- Jl I of equarcs. Draw 

- I diagonals and circles 

. I from the angles. All 

I ” ■■ "" [ J tho other lines em- 

I j I ployed will be found 

III to bo parallel to 

I I I these. 

I I I based on the square. 

I I I Having set out a 

_ ! I I number of squares, 

I B divide tho aides of 

-— I jjojj jjjto three equal 

I parts, and draw Ibea 

. | across SO os to divide 

I . I I each of the squatsa 

j If I smaller 

1 . t ' { ones. In each of the 

I four small squares 

I I oooupyingthe oornera 

jl ' -- L!_JIJi of the larger once, 

draw one diagonal; 
and in oooh it tha 
' four squares ooonpy- 

ing the middle of the 
sides draw two diagonals. By shading the pmrtiona aa in Uia 
example, the design wi# be developed. 

Fig. 107 ia ba^ upon tho hexagon. To draw this pattern, 
construct a line of regular hexagons, each tonohing two others 
by their angles; divide each hexagon into six equilateral tri¬ 
angles by diagowas. Knd fhe middle of the sides, and draw 
lines to middle points of the alternate aides; these will ^va 
two equilateral triangleB oroering each other -, and the reqtdred 
;>DrtlonB being celoured, the star in the centre will bo left. Tim 
darker linea aro drawn parallel to fhe aidea of the hexogm. 
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VEGETABLE COMMERCIAL PRODXJCTS.-VL 

FIiAKTS trSSD IK TUX PXXFAIUTIOK OT KimUTIODB AXD 
STIKITUTIHO BXVXBAOXB (COnMniMi). 

Tbi OB Mat£ (Bm ParaguayeniU; natural 
ordw, Agy^naSeSS ).—A small slvmb with oval, Kedge-form, or 
oblong-lanoeolato, toothed, smooth loaTes, Bomesrhat like those 
of the orange. This plant, which is, in foot, a speciea of holljr, 
oeonpies the same importout position in the domestio economy 
of Soaih America that the Chinese plant does in this conntry. 
The leares are prepared by drying and roasting—not in the 
nuumet of the Chinese teas, in which each leaf is gathered sepa¬ 
rately : but small branohos with the leares attached to them are 
eat the plant, placed on hurdles over a wood fire, roosted, 

and then beaten on a hard floor with stioks. The dried leaves 
and stems thus knocked off are collected, rednoed to powder, and 
pshoked in hide sacks. Each of these socks, when fnll, contains 
from 200 to 250 pounds of the tea. The sacks ore sowed np, 
and as the bide dries and tightens by exposure to the sun over 
its contents, at the end of a oonple of ^ys the tea forms a 
substanoe as hard as stone, and almost as heavy. 

As found in commerce, Paraguay tea is, therefore, in the form 
of a greenish-yellow powder, mixed with broken leaves and 
stems. This is infnsed in boiling water, and the dooootion is 
drunk, or rather snokod up, by moans of a tabe perforated with 
small holes. It is usually imbibed out of a small gourd or cup 
with a little sugar, and sometimes an aromatio is added, suoh as 
orange or lemon-pool, or cinnamon, to give it an additional 
flavour. Mato is generally disagreeable to those unacenstnmod 
to its use, mit a taste for it is soon aoqnired, and it is very 
I refreshing and acts as a restorative to the human frame after 
I great fatigue. 

' It has been calonlated that 40,000,000 pounds of Paraguay tea 
are annually consumed in the various South American Bopublios. 

OorriB Tuss (Co/ea AraAica, L.; natural order, Biilnaeea;; 
subicirder, OtmtumoeeiB ).—An evergreen shrnb, from fifteen to 
twenty feet in height, with an erect stem covered with a 
brownish bark, and opposite branches with a slightly downward 
inolination, giving to the whole shrub an elegantly beautiful 
pyramidal oontour or outline. Loaves opposite, short-stalked, 
ovate-lanooolato, entire, glossy dark-groon above, paler bonoatb, 
and from two to three inches long; flowers, white and funnel- 
shaped; fruit, a globular two-colled and two-seeded berry, abont 
the sise of a ohony. The seeds, freed from their hard, homy, 
parohment-like hnsk, are homispherieol, with one side convex, 
and the other flat and farrowed. 

The flowers of the ooffoo-tree resemble those of the white 
jessamine, and appear in clusters in the axils of the loaves. 
The trees are very beautiful and fragrant when in bloom, and 
not less attraotive when the berries are ripe and ready for 
cropping, for those are then of a deep soarlet colour, and show 
to groat advantage amongst the dark-green glossy leaves. 

The home of the ooffoe-troo is said to bo Abyssinia, whore it 
still grows wild; thence it was transplanted to Arabia towards 
the close of the fifteenth oontury. It was introdnood by the 
Dutch into Batavia in 1690, and thonco carried to the West 
Indies in the bogiwing of the eighteenth century, and after¬ 
wards to the Brazils. Coffee is now grown in ohnost every 
tropical country having an average temperature of above 65^. 
We rooeive it from Java in the East Indies, from Trinidad in 
the West Indies, and from Bio Janeiro in South America. The 
best coffee, oomoa from Mooha in Yemen, the sonthornmoat pro¬ 
vince of Arabia. 

As soon as tho orison colour of the coffoo berry indicates 
the time for harvesting, tho berries, which drop readily when 
maMro, are shaken from tho trees upon cloths or mats spread 
under them. They are then piled together in heaps 4for forty- 
eight honrs to softon the pulp, and afterwards put into tanks 
through which water flows oontinnolly, to wash.off the pulp; the 
berries are then spread out on the platform, with whioh every 
ooffeo estate is fnmished, to dry in tho sun. But there- still 
exists the husk, which is broken off by means of heavy rollers; 
ttie see^ are then winnowed, and put into bags for sale. 

Baw coffee is roasted, aftw it arrives in this country, in a 
bpUov iron cylinder, which is kept taming for half an hour 
bvn a charcoal fire ontil tho berries are ooloured snfiiRiBii% 
brown. Booeting coffee improves its flavour and power aa a 
I atimnlaat. 


Oeffee owes its properties to a peculiar prinoii^e, wMoh has 
I been called by ohemi^ and whioh is identical both 

with the theme pf the tea and the theobromine , pf, .tiUL^ppom 
plant. It'IS worthy of note that the'bommon bevetagee cif 
man—^toa, ooffee, and cocoa—although fonnd in the most dis¬ 
similar plants, nevertheless contain identioally tho same peeuliar 
principle which gives them thdr nutritioos and stimnlating 
properties. 

Coffee is said to have been first used by the Fersians as a 
beverage as early os 875 A.D., and from them the Arabs learned 
its value. Tho first Arab who drank coffee was Me^dledin, 
Mufti of Aden, in Arabia Felix, who had beoome aoqnointed 
with this use of tho ooffee berry when in Fonda, ^o oon- 
Bumption of ooffee was not nt all rapid at first, and it was not 
until 1554 that it was publicly sold at Constantinople. It 
afterwards became very popular with the Turks, but as it fre- 
quontly led to social and festive meetings, whioh wore considered 
incompatible with the strictness of Mahometan disciplme, its 
use was restricted by tho Turkish Government, though without 
effect. In vain the Turkish priests oomplainod to the authorities 
that the mosques wore deserted, whilst tho eofiee-housos wore 
crowded; in vain the latter wore shut np by order of the Mufti, 
and tho police employed to prevent any one from drinking 
I ooffee; tho Turks found moans to oludo their vigilanoe. They 
would have their coffee. Ti^law, therefore, became only a 
dead letter, and although mver repealed, tho Government 
acknowledged its defeat by finally laying a tax on the beverage, 
thus making it a source of oonsiderable revenue. 

Tho consumption of gooffoo in Tiukoy is very great. This is 
probably owing to tho strict prohibition which the Moslem 
religion lays against wine and spirituous liquors. So nocessaty 
is coffee to tho Turlcs, that tho refusal of it in reasonable 
qaantitio.s to a wife is considered to bo a suffioient ground for a 
divorce. Tho ooffoe-housoH in Turkey ore very numerous, and 
some of them spacious and handsome. In Constantinople, such 
as are regularly licensed ore gaudily painted, and famished with 
mats, platforms, and benches. Sometimes there is a fountain 
in tho middle of the room, whioh renders tho atmosphere de¬ 
lightfully cool j and also a gaUory for tho mnsioians. Towards 
evening these houses boeomo .thronged with a motley assemblage 
of Armenians, Greeks, and Jews, all smoking and indulging in 
tiny cups of ooffee, generally drunk without either sugar or 
mi]&. 

It is in tho Turkish enffoe-honses that the vagrant stoiy- 
tollor finds bis stage and his audience. Ho walks to and fro, 
stopping when the soiwo of his story requires some emphatic 
expression or attitude, and generally contrives to break off in 
tho most intere-sting part of his talo, making his escaxio from' 
tho room despite every precaution that may bo token to prevent 
him. His auditors tiius compelled to restrain thoii curiosity, 
arc induced to return at tho same hour to tho coffee-room. As 
soon as ho has made his exit, tho company present commence an 
animated disenssion, in sepatato parties, as to the ohoraoter of 
the drama, and the principal events of the story. 

Thu following aooonnt, by Mr. M'Fariano, is charaoteristie of 
Tnrkiah manners, and of too mode in Turkey of setting aside 
too laws in reference to ooffee:— 

*' I was surprised to see in Smyrna, and in numerous other 
towns, toe scarcity of ooflee-honaes and too quantity of barbers’ 

' shops. It was explained when, on wislung to rest a while, my 
servant David led mo into one of thorn, whioh in appeaianee 
was devoted to shaving, but wbioh concealed ‘behind a wooden 
Boreen, that looked like the end of a room, a spacioas recess 
hung with ehiboukt, or common pipes, narghiles, or water pipes, 
and tiny ooffee-oups. Tlie small ohoracteristio fire for toe 
preparation of tho fragrant berry was burning in the usual 
comer, and there were toe usual snpplios of benches and stools 
—'in short, it was a bond fide ooffee-housc, seroened by a barber's 
shop, and a group of Osmanlis shuiflod in after us, not to be 
shaved, but to smoke their pipes and drink their cup of ooffee. 

“ ‘ David,’ sold I, ‘ are aU those hnndroda of barbers’ toops 
nothing but veOs for ooffeo-houses ?’ 

“ ‘ Not all, but too greater part of them,’ was tho answer. 

“ ‘ Yot tho disguise may be easily penetrated. Any bostangi 
might discover the reoass, and arr^^m crowd of delinquents, as 
here, for example.' 

“ ‘ That is all very true,’ said David, ‘ but what would the 
bostangi get by tiiat f 'Hie fact is, tho Turks cannot live 
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irithont ooffse-hongeB; besdes, tho order to slrnt them up ia sow 
BS old aAur. Eoroh proprietor may make it worth his whik not i 
to asBi, and ao yoa undoratand tho boatangi and his officers need 
sot look beyond the barber’a shop.’ 

'* During the latter part of thia epeeoh, a HoBab, a stout 
adrooate of both law and gospel, stopped in, and called for hia 
narghile and coffee 1 ” 

Coffee was first sold in London in 1652, by a Torkiah mor> 
chant, who kept a house for that purpose in George Yard, 
Lombard Street. It soon became very popular, and in 1660 a 
tax of fonrpenoe on the gallon was levied on all coffee made and 
sold. It spread amongst the English for reasons very similar 
to those which caused its spread among the Turks. According 
to Macaulay,** it oxtouded most rapidly. To bo able to spend 
tho evening sociably at a small charge soon become fashionable. 
Tho coffee-house was “ tho Londoner’s homo.” Nobody was 
excluded who laid down his penny at the bar. There wore 
ooffes-housea whore politics were discussed, where Hterary men 
held their mootings, and where doctors, divines, and lawyers 
congregated, and might bo‘ consulted. “ There wore Puritan 
coffee-houses, where no oaths ware over hoard, and whore lank- 
haired men discussed olootion and reprobation through thoir 
noses; Popish ooffoo-huuses, whore good Protestants believed 
over their cups that tho Jesuits wore planning anoilior GunA 
powder Plot, and casting Bilvemjbnllots, to shoot the king; and 
Jew coffee-houses, whore the m^y-changors of different nations 
greeted ouch other.” Such was the respectable position of a 
London coffuu-housB in 1685. Lloyd's was originally a coffoo- 
bousa at which insurers and undorwritars mot. Those houses 
have long ceased to bo tho favourito haunts of literary men and 
fashion, and, although stUl retaining thoir ancient name, they 
are now on a level with an ordinary restaurant, having bcon 
Buporsodod as places of entertainment by tho numerous music- 
halls and club-rooms in tho metropolis, where somotliing more 
stimulating than cnffco is nsrially in demand. 

Coffee, like tea, is frequently Alliterated. Of those adultera¬ 
tions the most common one is chicory (Cickorium iiilytus, L.), 
a plant rosomblmg a dandelion, with blue flowers, belonging to 
the natural erdor Compositm. The large tap-roots of this plant 
ore sliced a«d dried in kUns; they are then roa.stoil and reduced 
to powder, and this, when boiled, yields a drink not unliko coffee. 
Chicory is perfectly wholosomo, containing no alkaloid or oil, and 
only a Small amount of narcotic matter. When added to coffee 
in small quantities, it rather improves its flavour, neutralises its 
oil, and renders it loss difficult of digestion. The sale of chicory 
is now legalised. Many jiersons prefer tho nolToo with chicory. 

Tho adulteration of coffee with chicory is easily detected. 
Poiistod coffee imparts its colour very slightly to cold water, but 
chicory colours tho w.atar a doep-roddish brown. Coffee is light, 
and floats on tho snrfaco of tho water; ehioory ia heavy, and 
sinks to tho bottom. 

The best cuffeo, oaUod Mocha ooffee, comes from Yemen in 
Southern Arabia; Lohoia and Mocha ore tho principal poits for 
its exportation on tho IJod Sea, besides which, Aden, acquired 
by England iu 1838, will soon become an important coffee mart. 
About 4,000 tons of this coffee are annually exported. East 
Indian ooffee ranks next in commerce, obiofly tlio uoffees of 
Ceylon and Batavia. About 50,000 tons of East Indian coffee 
are annually produced. An inferior kind, called green coffee, 
ia raised in tho West Indies—in Jamaica, Cuba, St, Domingo, 
Trinidad, Gviadaloupo, Porto-liico, and Martinique—to on 
annual amount of about 70,000 tons. Other American coffees 
also come from the free States of Venezuela and Now Granada, 
from the Brazils, Cayenne, and Surinam. The annual prodnoo 
of ooffee in South America may L Estimated at 81,000 tons. I 
la 1867 about 61,486 tons were imported into the United 
Kingdom, prinoipoUy from our foreign possessioua. Wo export 
ooffee also largely to our colonies and Australia. Hamburg 
and Amsterdam are tho most important coffee markets, and 
next to these London, Rotterdam, Antwerp, Havre, and Trieste. 

{Theabroma dacao, L.: natural order, Byttneriacets). 
—about twenty feet in height, with dark-green loaves, 
from four to siz inohes in length and about three inches in 
breadth, eUlptioal, oblong, and pointed, the margin entire, and 
slightly wavy; the flowora ore amall and white, growing ditootly 

* “ History of England, from tho Soeessiou of James 11.,” by Lord 
Miuiaulvy, Vol. I., p. 175.—People’s EJltlou, 1861. 


both from the atom and bmnohsa; the fruit aomewhat naombles 
a ououmber; it is about five inohes in length, and tteee inches 
and a half iu diameter, at first green, but when ripe, yellow. 
Withiir this fruit, embeMed in tho pulp, are from forty to fifty 
oocoo-beans or seeds, packed closely together in five rows, 
around a common centre. 

The oocoa-treos will only grow well in the shade. They ate 
planted at intervals of twelve feet apart, and are protected 
from the fieroe heat of the tropical sun by tho broad-leaved 
banana and tho stately and beautiful Enjthrina, or ooral-teoe. 
The rays of tho sun cannot ponotrato tho foliage of these trees, 
and the ground below them ia oouatantly wet. When tho fruit 
is ripe, it is plucked and opened; and the beans, cleared of the 
spongy pulp, are spread upon mats to dry in the sun. 

Chocolate and cocoa are both mode from these beans. 
Chocolate is made by first freeing tho beans from their husk, 
and then roasting them over a fire iu au iron cylinder, with 
holes in its end for tho escape of the vapour. The apparatus 
is very similaT to that of a coffee-roaster. When the aroma is 
well developed, tho beans are roasted ; they are then turned out 
of tho cylinder, and ground to a powder, which, mixed with 
sugar, flavoured with vanilla, and brought to a paste, forms tho 
chooolato cakes of commerce. Cocoa is prepared by grinding 
up tho entire nut—^both husk and komcl-^ter roasting, a 
quantity of suet being added daring tlio process of grinding. 
Bomotimos tho beans are roosted and simply crushA. This 
prepotation is sold in tho shops under the name of cocoa nibs. 

The ooooa-troo is a native of South America, Mexico, and tho 
West Indies, where it formerly grow wild, but is now onlti- 
vatod in extensive plantations. Tho beans of thia tree have 
always boon tho chief moans of nourishment of tho natives of 
these onuiitries. From them the Spaniards loamt to make both 
chocolate and cocoa. 

'I'ho cocoa bean, which ia about tho size and colour of an 
almond, contains a peculiar solid oil called butler of cocoa, and 
an alkaloid called thenhroinine, which produces on the nervous 
system analogous effects to those of caSeine and iheine. 
Chocolate and cocoa yield highly nntritioua beverages. Linnams 
was BO convinced of this, that he called tho plant Theohroma. 

Cocoa is imported into this country chiefly in tho raw state, 
that is, tho beans with the husks on. Tho following axe the 
principal sorts which arc brought into Europe. Tlio preparation, 
Chocolat Menior, ia from cacao grown iit the district of Rivas, 
Nioarngna. Soconnsco, the best sort, comes from tho district of, 
the same name in tho free state of Gnatomola. This seldom 
comes into tho market. Caracas, tho next in quality, comes 
from La Uuayra, the commercial port of Caracas in Vonozuola, 
also from Gu.ayiiqnil in Ecuador. Our largest supplies oomo 
from those ports. Wo receive also heavy shipments from Eng¬ 
lish, Dutch, and French Guiana, Brazil, Mexico, and the West 
Indies, especially from the island of Trinidad. 

Ill 1SC7, 11,954,862 lb. of cocoa were imported into tho 
United Kingdom. Its consumption in Franco, Spain, and 
Portugal is continually increasing. Chooolato is more used in 
France and Spain than in England. It forma tho ordinary 
breakfast of the Mexicans. 

Both chocolate and cocoa are much adulterated with wheatou' 
and potato flour. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—111. 

It is now intended to show tho construction of Gothic traoeiy. 
Some of the figures used in tho designs of windows, etc., in 
churches of tho Middle Ages are extremely beautiful; jpt all 
tho forms grow out of others of U>o moat simple chanaoter, 
dependent on oorroct geometrical oonstruction. Tho qnatte- 
foU, which forms tho subject of tho present lesson, ia based 
upon a square drawn on given diagonals; and this elementary 
figure, and one of a similar character, are therefore given os 
stops in the constmotion. 

To' amalniet a square on a given diagonal, A B (Fig. 24). 

Bisect tho diagonal A B in the point o. From c, with radius 
c A, desoribe a cirolo cutting the bisecting lino in D and b. 
Draw A D, B n, B E, K A, which will oompleto tho square on 
the given diagonal A n. 

To construct a paralUlogrom when the diagonal a b and the 
length of one pair of tides o are given (Pig. 25). 
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Biaeot A b in fho point o. From o, 'trith ladina o a, deaoribe 
a oirolo. From A and b aet off tho length of the line c on the 
oirole—viz., A u and B x. Join these points, and the :^nirod 
figure will bo completed. 

To cotuhruet a Gothic q^tre- 

Son* (Pig. 86). rig. 26 , . 

Conatroet a square on the die* 
gonal A B (boo Pig. 24). Bisect 
tite aides by the linos x o, F h, 
catting tho lines A c, a B, n d, ^jl 

and D A, in i, J, fc, 1. Prom a, yy 

c, B, and D, with radios A i — f // 

tl^t is, h^ the side of tho //((( 

squaxe—draw the arcs I', m,n,o, // //\ [j C 

and thoae oonoontrio wiUi &cm. jl l/ / 

The outer oirolos ore drawn // ll / / 

from tho centre o. I uf // /.\ / 

2b imcribe a gquare in any \ w (f 
trianyle, ABC (Fig. 27). (fl' / j'f 

Prom 0 drop a porpondionlar, " U a''' ' 

a D. From c draw a liie paraUel 11 ^ 

toAB— Tia., OB. Prom 0, with 

radius c D, describe a quadrant \\ ' 

cutting c B in F. Draw f a, \\ VV -? 7/ \ 

cutting c B in o. iVom o draw V^,4 |j 

a n parallel to a b. And from I \\ 

o and H draw linos o i and H 3 
parallel to c D, which will com- 
plete tho square in the triangle. 

To inscribe a square in a giveis 

trapexium, A n c D (Fig. 28). ^ 

Draw the diagonals a c and 

B D. Draw D B at right angles \ 

and equal to l> B. Draw B A, 


2b trisect* a right angle, A b c (Pig. 80). 

From B, with any radius, desorilm the quadrant j> x. From T>, 
with the radius B B, describe an aro cutting x D in F. Prom 
X, with tho same iSi^aB, dosoribe an oro cutting x b in a. 
y Draw lines n f smd b o, which 

\ will trisect right angle. 

— THX HBAStJEEMENT OF AKGLXS 

(Pig. 31). 

..V Anglos ore estimatod accord- 

ing to the position which the 
which they are 

M formed occupy as radii of a 

11 Vk vt oirolo. 

H oirole being divided into 

\ \\ equal ports, called “ de- 

\ W proes,” it will bo evident that 

\ \ tho lines A o c contain 90 degrees 

j (written 90®), or a r^ht angle. 

-1” As--Jr -Similorly, n o c is a right angle. 

' I 'J 11 1 j Kow, if these right angles bo 

I // /Ij trisected (as per lust problem), 

[/ /V^ each of tho divisions will contain 

t''' 30®, thus 

A O X is an angle of 30® 


A o B is in reality not any 
anglo at all, being a perfectly 
straight line; but the slightest 
divorgouco from it would cause 


cutting o B in F. Draw f a parallel to A O. Draw a a and it to become an angle; as 179®, etc. 

F 1 parallel to n b. Join h i, which will complete tho square Eaohof these angles being again divided into throe ports will 

in the trapezium. give tens, which may again bo divided into nnits ; and thus 

To inscribe a circle in a given trapezium, A B c D, o/ which angles may bo constructed or measured with tho greatest 

the adjacent sides are equal (Fig. 29). aocuracy. ^ 



Draw the diagonal A B, which will bisect the angles c B D 
■ad CAB. Bisect the Angle abb. Fraduoe the biseoting 
line until it cuts a b in O. Then o is tho centre from which a 
eirolo mi^rbe desoribed, tonohing all four sides of the trapozinm. 

*31ie<2NatiV(M'l Is aflgnie based onfeorloavMorlobM. Seetematki 
OBthelMoa (P%. U). 


Example No. 1 of the foregoing (Fig. 32). — ^To flu l tho angle 
contain^ by the linos a b o. 

Eroet a perpendienlax at b. l^w the quadrant b x, and 
trisect it. Di^e the arc o x into three equal parts by points 
H and I (76Sand 80®). Bisect the arc h i, and it will be seen 

* IViMCt. To out late three eqtml porta 
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fhai the line b q falls precuwly on tlte biaeotisg point, i. B c 
ia therefore an angrle of 75”. Had the line b c not fallen 
aiaotly in the biaooting point, furtiiier enbdiviaion would have 
been neoeHsary. 

' Seample No. 2 (Pig. 33).—^To oonatrnct at a given point B 
an angle of a required numbor of degrees, say luO”. 

At B erect a perpondioolar, B c. Trisect the right angle, 
carrying on tho aro 
beyond the porpendi- 
onlar, c. Divide any 
ono of tho throe divi¬ 
sions into threo equal 
ports ruprosenting 
tons. Set off ono of 
these tens beyond c, 
via., to D. Draw b b. 

Then A n » will bo on 
angle of 100”. 

To construei a tri¬ 
angle, wJu»i the length 
of the laee and the 
aiiglee at the base are 
given (Fig. 34).—Lot 
it bo recpiirod that 
tho base hlioald be 
2‘5 (2, ik'ciinal 5, or 
2 and 5 teiUlis, which 
is 2i) iiinhcii long, 
that the angle at A 
should be 50”, and 
tliat at n 45°. 

Draw the base 2‘5 
inehes long. At A 
ereet a pcrpumlJcnilar; 
draw a quadrant and 
trisect it in El). Divide 
the middle portion, 

D X, into three equal 
I)arts, and the sooond 
division from x will 
bo 50f. Draw a lino 
from A through point 50, and produce it. At n erect a perpen¬ 
dicular, and bisect the right angle thus formed (as 45” is one-half 
of 90°). Produce the biseotiBg lino until it meets the lino of tho 
opposite angle in y. Then A B F will bo the required triangle. 

Jfoie.—All tho throe angles of a triangle are always equal to 


Fig. 36. 


given to- show its ptaetioal application. This bos a short line 
marked at c, and two rows of figures round the riin—tiie one 
reading from right to left, and tho other the reverse way. 

In order to measure an angle by means of the protraotor, 
place the edge A b on the straight line which is to form one d 
the sidos of the angle, with the point c exactly against the 
point of tho angle to be measured. Then the lino c b will be 

seen to oortespond 
OA point 60”, 

and B c D ia therefore 
an angle of 60°; or, 
reading from the left 
side, A c B is an angle 
of 120°. 

In constructing an 
angle, place c against 
tho point at which it 
is desired to construct 
an angle; mark a 
point on your paper 
exactly against the 
figure corresponding 
to tho number of de¬ 
grees required; re¬ 
move the protractor, 
and draw a lino 
through the point 
thus obtained, to C, 
which will give the 
desired angle. 

Protractors are 
sometimes made of 
wood or ivory, and 
of a rootangular form, 
as X F. These are 
used in a manner 
similar to the semi- 
oiroular instruments, 
but are not generally 
thought as useful or 
exact in praotioe. 

To construct an isosceles irtangle oh a given base, and having 
a given vertieal angle (say 30°). (Fig. 36.) 

Before commencing to work this figure, it is desirable that 
attention should be called to the principle upon which the con¬ 
struction is based. 
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tlixee perBcma, that one of them w to receive £30, ud tha xe- 
maisder to be equally .dixided by the oilier tiro. 

It viU be Been at once that, when the firit condition baa been 
fulfilled, and ^SO deduoted from wBlSO, the remainder irill bo 
iiClSO, or ^75 for eaidi of the remaining oleimanta. 

It ia on a aimilar principle that tbia operation ia based; and 
this mode of prooedore ia rendered neoeeaary beoanao we 
cannot commence by conatrocting the rertioal angle; for, aa 
the base A b is fixed, wo should not know where to commence 
tbs Tertiool angle, so that the aidoB might not cut throngh a b 
(F ig. 88), or paaa beyond it (Fig. 39); and ihna we ore corn- 
poll^ to oonatrnot the angles at the base firstly, and of sneh a 
nnmber of degrees, that they should meet in the required angle. 

Now it haa been shown that 180° stand on every lino. 

Betnrning now to Fig. 36, produce a b, and at a oonstruct 
OB angle of 30°—via., cad. 

So ^at out of the whole sum of 180° we have sot aside 30°, 
the fixed number. 

Bisect the remaining onglo DA n in E. Draw a e. At b con¬ 
struct on angle A b f, similar to the angle dab. 

Prodnee lines A e and b f, which will meet in o, and will 
form the required angle of 30°. 


NOTABLE INVENTIONS AND INVENTORS. 

IV.—CLOCKS AND WATCHES (eonfinuca). 
bt JOHN Tinas. 

Tbe middle of the fonrteenth century sooms to bo the time 
wbioh affords the first certain evidonoo of the eustonoo of what 
would now bo called a clock, or regnlated horological mochino; 
for although the term “ horologia ’’ hml been of frequent ocenr- 
renoe in preceding ages, there is every reason to believe it was 
applied to other horologioal instruments. It apjieaxs from a 
letter written by Ambrosius ComalodunonRis to Nicolaus of 
Florence, tlmt clocks were not very uncommon in private fami- 
Uea on the Continent about the end of the fifteenth century, 
and there ia good reason for supposing that they began to 
become general in England abont the same period; for wo find 
in Chaucer, who was born in 1328 and died about 1400, the 
following lines 

“Pull siokaror was bis crowing in his loge. 

As is n clock, or an uhhoy orlogc." 

It is olao believed, on good grounds, that a clock is not the 
invention of one man, but a compound of successivo inventions, 
each worthy of a separate contriver. Thus, (1) whoelwork 
was known and appUod in the time of Archimedes. (2) A 
weight being applied aa a maintaining power would, in all 
probability, have at first a fly similar to that of a ‘Mtchen- 
jack, to regulate the velocity. (3) llio ratchet-wheel and click 
for winding up the weight, without detaching the teeth or main 
wheel from those of the pinion in which they were engaged, 
•would soon be found an indispensable contrivance. (4) The 
regulation by a fly, being subject to such great changes from 
the variations of density in the atmosphere, and the ten¬ 
dency of a falling body to accolerato its motion, would necos- 
aarily pvo rise to the alternate motion of the balance, with 
which invention on osoapemont of some kind must have been 
coupled. (5) The Inat-montionod two inventions are most im¬ 
portant ones, and would liave induoed such a degron of equability 
in the motion of the whole work, os would lc<ad tho way to a 
dial'plate, and to its necessary adjunct—a hand or pointer. 
Lastly, tho striking part, to proclaim at a distance, without tho 
aid of a person to watch, tho honr that was indicated, completed 
the invention. And tho supposition, that l)o Wyck’s clock was 
a oomlfination of tho suoqosaivo inventiona of different indi- 
vidnala, is confirmed by analogy; for the clocks and watches of 
the present day have been brought to their present degree of 
perfection by a series of snoeoasive inventions and improve¬ 
ments upon what may now be called tho rndo olockof BeWyok, 
wh^ is tho most ancient olook of which we have a description. 
This—and, indesd, aQ oloeks made with a balance for a regu¬ 
lator, without any regrulating luring—most have been very 
Isqperfhct maohines ; yet aa early aa 1484 a halanoe dock waa 
BSM for oeloatial obsorvations, and was snperseded by the nae 
of a portable one for aaoertaining the kmgitude at sea, abont 
1580. Andent docks mnst have been r^noed to a portable 
aise prior to 1544, when the meiaquing was anbatitntod for the 


weight as a moving power; and this may bo considered a eeeond ' 
era in horology, from which may be ^ted the application of 
ihe fusee, round which is wound the chain or card. 

Among the earliest of the wheel-doeks Been in England,^ was 
that of St. Fad’s Cathedral, London, in 1286; and on ease¬ 
ment of 1344 shows that iron and steel were then used for 
the frame and olook, as they were until towards tho end of the 
sixteenth century. The present dock at St. Fad’s is remark¬ 
able for the magmtndo of ii» wheels and tho finonese of its! 
works; it was mode by Langley Bradley, at a cost of £300.' 
It has two dial-plates, each between 50 and 60 feet in dronm- 
feronco ; the honr nnmorals are a little over 2 feet in height; i 
tho minnte-hande, 8 or 9 foot long, weigh 75 pounds each, and | 
tho honr-hauds, between 5 and 6 feet long, weigh 44 pounds ( 
each. ’The penddom is 16 foot long, and its bob weighs 180 ; 
pounds, bnt it is suspended by a spring no thicker than a > 
shilling. Its boat is 2 seconds—that is, a dead beat, of 30 to a | 
minuto, instead of 60. Tho olook, going 8 days, strikes the I 
hour on tho brim of tho groat bell with a hammer; its head ; 
weighs 145 pounds, and is drawn by a wire to tho back part of ; 
the clockwork, falling by its own weight on tho boll, it con | 
bo heard at a distance of 22 miles; tho clapper weighs 180 , 
qiound.s; diameter of bell, 10 foot; weight, 102 cwt. Below ! 
this bell are tho two quarter beys. 

Tho ITorsu Guards’ clock, avo may boro mention, madu in 1756, 
w.as originally of coarse work. It was repaired and improved 
in 1815, and measures time snfiioicutly uccuniUi for iiroctical 
purposes, not oonnootod with astronomical obsorvations; bnt 
much of its reputation is conventional, from its assooiation 
with “ military time ” of the Horse Guards, 

Clocks remained with bnlancea for tho motive power until . 
the middle of tho seventeenth century, when tho peudnlum was 
first applied—it is said by Galileo observing tbo oscillations of , 
a lamx> suspended in tho cathedral ut Fisa. 'The discovery is J 
also claimed for Huygens, Bergen, Hooke, and others, about tho . 
same time; but tho “aneiont astronoiuors of tho Eiist om- ' 
ployed pondnlums in moasnring the limes of their observations, 
patiently counting their vibrations during tho phases of an , 
eclipse, or the transit of tho stars, and renewing them by a , 
little pressure of the finger when theylangoiahod; and Gassendi, ' 
Iticcioli, and others, in more recent times, followed their 
ozumplo.” (" Encycloposdia Britaunioa,” 8th edit.) '' 

“Clocks and watches,” says Mr. Babbago, “may bo con¬ 
sidered as instrnmonts for registering tlio number of vibrations 
formed by a pendulum or a balance. Goorgo Graham, in 1715, 
first applied a compensating power to coonturact the effect oi 
heat and cold upon tlio longtli of tho pendulum; and John 
Harrison, in 1726, used diflbront motals to compensate each 
other, the rods being placed in tbe form of a gridiron. The 
meebanism by which these numbers arc counted ia technioally 
called a scapoment. A common clock is merely a pendnlnm. 
with wheelwork attached to it to record the nnmljor of tho 
vibrations; and with a weight, or spring, having force ei^bugh 
to counteract the retarding effects of friction and the resistanoo 
of the air. The wheels show how many swings or beats of tbo 
pendnlnm Have taken place, booauso at every boat a tooth of 
the lost wheel is allowed to pass. Now, if tho wheel has sixty 
teeth (as is oaramon),itwi]l just torn round onoo for sixty boats 
of tho pendnlnm, or seconds; and a hand fixed on its axis, pro¬ 
jecting through tho dial-plate, will bo the second-hand of the 
clock. Tho other wheels are so connected with the first, and 
tho number of the teeth on them so proportioned, that ono 
turns sixty times slower than tho first, to fit its axis to carry a 
minnio-hend; and another, by moving twelve times slower 
still, is fitted to carry an hour-hand.” 

A few public clocks may be noted hero. 'Tho Bank of England 
olook, in tho roof, is a marvel of moohanism, as it is connected 
with all tho clocks in the Stock Ofilcoa. Tho hands of the 
several dials indicate precisely tho same hour and second, by 
means of oennecting brass rods (700 foot long, and weighing 
6 cwt.), anct 200 wheels; the principal weight being about 
300 lb. The General Post Office clock, by Vnlliamy, is a 
beantifulworkof art on a sihall scale; ita pendnlnm-bob weighs 
448 lb., and requires ou^ 33 lb. to canao it to vibrato 2' 20” on 
eadh aide of aero—an extiom^ small motive power. The 
clock of tho Exchange, manufactured by Bent in 1843, 
has been prononnoed by Astronomer Boysl as “tbe beat 
public do^ in i^ wwld; ” tiu pendilom, weighing nearly 
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. 4 ia oompeniated, the first stroke of tke honr is isue to 
a saoond, snd it osn also bo set to any fraction of a teoond. 
This VOS the first turret clock constrooted by Hr. Dent. The 
Westminater l^laoo clock, designed by Ur. Denison, and mode 
by Hr. Dent, jnn., about 1855, bos four dials, each 22 feet in 
j diameter—the largest in the world with a zninato>hand; the 
T; great wheel of the going port is 27 inches diameter; the pendu- 
'' lum <is 15 feet long, and weighs 680 lb.; and the soape-wheel 
\< weighs shout half an onnoo. '.^is clock is said to be eight times 
as large as a full>sised oathodrol clock; it requires two hours a 
week to. wind it up, and reports its own tune to Greenwich 
by eleoiiical connection ; the cost has exceeded J&22,000, ond 
the gilding of the clock-tower ^1,500. 


PEINCIPLES OF DESIGN.—V. 

BY CHBISTOFHEB SREeSSB, PK.l)., F.L.S., ETC. 

Hayino considered some of the chief principles involved in the 
production of decorative design so fai' as “ expression " goes, 
wo come to notice that constant adjnnct, or handmaid, of form 
which has ever played an impoiWit port in all decorative 
schemes—namely, colour. 

Form can exist independently of colour, bnt it never has hod 
any important development without the chromatic adjunct. From* 
a consideration of history, wo should bo led to oonolndo that 
form alone is incapable of yielding such enrichments ns satisfy; 
for no national system of decoration has ever existed in the 
absence of colour. More outline-form may be good, but it is 
not satisfying; moro light and shade mfcy bo pleasing, but it is 
not all that wo require. With form our very nature scorns to 
demand ooloni'; and it is 'only when wo get well-proportioned 
forms which are graceful, or noble, or vigorous, in combination 
with colours hHrmoniously arranged, that we are satisfied. 

Possibly this feoling results from our contact with Nature. 
The flowers appear in a thousand hues, and the hills aro of 
over-varying tints. What a barren world ours would appear, 
worn the earth, the hills, the trees and tlie flowers, the sky 
(uid the waters, all of one colour! Form wo should have, and 
that in its riohest variety ; light and shade wo should have, 
with over-varying intensity and change; but colour would bo 
gone. There would bo no green to cheer, no blue to soothe, no 
rod to pxcito; and, indeed, there would be a deadnuss, although 
the world would bo full of life, so appidliug, that we can 
scarcely conceive of it, and cannot feel it. 

Colour alono seems to have almost greater charms than form 
alone. ^ How entranoing is a sunset when the sky glows with 
its radiant hues; tho blue is almost lost in rod, the yellow is 
as a sea of transparent gold, and the whole presents a variety 
and blending of tints, which charm, and soothe, and lull to 
reverie; and yet all form is indistinot and obscure. If so 
charming when separate from form, what is colour when pro¬ 
perly combined wiUi beautiful shapes ? It is diflicnlt, indeed, 
for many of those for whom I write to answer this question, 
even by a mental conception; for I oould soarooly point to a 
single building in England which would bo in any way a satis¬ 
factory illustration of what may bo done by the combination 
of forms and colours. There is a beauty in Art, which wo 
in England do not oven know of: it does not exist round 
us, it is litUo talked of, rarely thought abont, and never 
seen. A decorator is ooUod in to beautify a house, and 
yot not one in fifty of the so-called decorators know oven 
the first principle of their art, and would not bolieve, wow 
they told of tho power of tho art which they employ. They 
plow on the walls a few sickly tints—so pale, that their want of 
harmony is not very apparent. The colours of tho wall become 
the colours of tho comioo and of the doors, because they know 
not how to produce a harmony of hues; and the result is a 
house which may bo clean, but which k in every other respect 
an offence against good taste. I do not wonder that persons 
here in England do not core to have their houses “ decorated,’' 
nor do I wonder oj; their not appreciating the “ decorations ” 
irfion they are done. Colour, lovely Coiour, of itself would 
make our rooms charming, but where are tho priests who tm- 
derstand their miritress f 

There are few objeots to whioh oolonr may not be applied, 
aad many artudes which are now colonrloss might bo coloured 
With advantage. Onr reasons for aptdying oolonr to objects 
ate twofold, and hero wo have the true nse of oolonr, lat. I 


Colonr lends to objeots a new oharm—a oham whidt they' 
would not possess, if without it; and, 2nd, Colonr aaalsts in tiw 
separation of objeots, and thus gives assistance to form. These, 
then, are tho two objects of colour. Hark, first, oolonr b to 
bestow on objects a charm, sneb as they could not have in ita 
absence. In tho hands of the man of knowledge it will do so— 
it will make an object lovely or lovable, bnt ^e mere appHoa- 
tion of oolonr will not do this. Colonr may be so applied to 
objoois as to render them infinitely more ngly than they wsro 
without it. I have seen many a wMte bowl so coloured at oar 
potteries as to be mnob less satisfactory when coloured thaw 
when white—^tho colouring having man«d, rather than im¬ 
proved, ita goncral effect. Here, again, it u knowledge that wo 
wont. Knowledge will enable ns to transmute base materials 
into works of RiarvellouB beanty, worth their weight in gold. 
Knowledge, then, is the true pbilosophor’s stone; for if possessed 
by the artist it does, in truth, enable him to tronsmnte the 
baser metals into gold. Bnt a httlo knowledge will not do 
tins. In order that we produce true beanty, wo require mndt 
knowledge, and this con only be got by constant and diligont 
labour, os I have boforo said; bnt the end to be gained is worth 
tho plodding toil. Believe me, there is a pleasure in seeing 
your works develop as things of beanty, de%hting all who seo 
them—not tho illitoiate only, but also the ednoated thinker— 
snob a."! words fail to express. Although thoro is no royal road 
to art power, and although the road is long, and lies through 
much toil and many difiioultios: yot as yon go along, there is 
pleasure in feeling that one obstacle after another is olearod from 
your path, and at tho ond there is pleasure inexpressible. The 
second object of colour is that of assisting in tlio separation of 
form. If there is a scrios of objects placed near to one 
another, and these objects arc all of tho same colour, tho be¬ 
holder will have much more difficulty in seeing tho boundaries 
or terminations of each iliau ho would, wore they varioualy 
coloured; ho would have to come noaror to them in order to 
see the limits of each, were all coloured in tho same manner, 
tluui ho would, wore they variously coloured: thus colonr osaiste 
in tho Boporation of form. This quality whioh colour has of 
separating forms is often lost sight of, and much confusion 
thereby results. If it is worth while to produce and place a 
decorative form, it is worth while to render it visible ; and yot, 
how much ornament, and even good ornament, is lost to the eye 
through not being manifested by colour! Colour is the moans 
whereby wo manifest form. 

Colours, when placed together, con only ploaso and satisfy 
tho educated when combined harmoniously, or according to 
tho laws of harmony. What, then, are tho laws which govern 
the arrangement of oolonrs P and how are they to bo applied P 
Wo shall endeavour to answer these questions, by making a 
series of statements in axiomic form, and flicn we shall enlarge 
upon those propositions. 

OSNEBAL CONGIDKBATIONS. 

1. iiegardod from an art point of view, there aro bnt three 
colours— i.e., blue, rod, and yellow. 

2. Blue, red, and yellow have been termed primary colours; 
they cannot bo formed by the admixture of any other colours. 

8. All colours, other than blue, rod, ond yellow, result from the 
admixture of tho primary colours. 

4. By tho admixture of blue and red, purple is formed; by 
tho admixture of red and yellow, orange is formed; and hy 
tho admixture of yellow and blue, green is formed. 

5. Colours resulting from tho admixture of two primary 
colours are termed secondary : honco pniplo, orange, and green 
ore secondary colours. 

6. By tho admixture of two secondary colours a tertiary 
colour is formed: thus, purple and orange produoo russet {tho 
red tcTtiofy); orange and green prorlooo citrine (tho yeUew 
tertiary); and green and purple, olive (tho bine tertiary); msoot, 
citrine, and olive ore tiie three tertiary colours. 

CONTBAST. 

'L When a light colonr is juxtaposed to a dark oolonr, the 
light oolour appears lighter than it is, and the dark oolonr 
darker. 

8. When oolonrs are juxtaposed, they become influenced as to 
their hue. Thus, when ted and green aro placed side by side, 
tho red appears redder than it actually ia, and the green greener; 
and when bine and black ace juxtaposod, the blue imuifeata 



182 


TEE TEGHNIOAL EpXTCATOB. 


fittle altemtion, wUle tlu blaok aasoiaM aa otange tmt 
at baoomea rat<7.'' 

8. No one oolonr oaa be viewed by the eya witboot anotbet 
bebig created. Tbna, it red ie viewed, tho eye oreatee for iteeU 
green, and tbie green ie east npon whatever is near. If it 
views green, red ie in like manner created and oast npon ad¬ 
jacent objects; thru, if red and green are jnxtaposod, each 
creates the otbw in the eye, and the ted created by the green ia 
cast npon t^ red, and the green created by the red is oast 
npon green; and the red and the green become improved 
by being juxtaposed. The eye also demands the presence of 
the three primary oelonrs, either in their i^ty or in com¬ 
bination; and if these are not present, whatever is deficient 
will be created in the eye, and this indnoed oolonr will be 
oast np<m whatever ia near. Thus, when we view bine, orange, 
whkib is a mixture of red and yellow, is created in tlio eye, 
and this oolonr is cast npon whatever is near: if black is 
in juxtaposition to the bine, this orange is coat upon it, and 
gives to it an otongo tint, thus oanaing it to look “ maty.” 

y). In llko manner, if we look npon red, 
green is formed in the eye, and is oast npon BLU 


27. When the cmament and the gronad bm in two tints 
of thb same oolonr, if the ornament is dsirker than the 
ground, it will require outlining with a still darker tint of 
the some colour; bat if lighter than the ground, no outline 
will be roqnired. 

A»AI,TnCAI,<>TjLBZiB8 OP OOLOUB. 

When commenoing my studies both in soienoe and art, I 
found great advantage from radnoing aU faote to a tabular 
form so far as possible, and this mode bf etnt^ I would rooom- 
mend to others. To me tine method appears to have great 
advantages, for by it we see at a glance what it is otherwise 
more diffioult to undersUind; if oarefuUy done, it beoomee an 
analysis of our work; and by preparing these tabular arrange- 
ments of facts, the subjeot becomes impressed on the mind, and 
wo see the relation of one foot to another, or of one part of a 
sehome to another. 

The following analytioal tables will illustrate many of the 
facts stated in onr propositions. Tho figures which follow the 
colours represent the proportions in which 
a. they harmonise: — 


OLIVE 84. 


adjacent colours; or, if wo look npon yellow, 

runPL,j. 

11. Harmony results from on agreeable *, 

oontnast. * *. 

12. Colonrs which perfectly harmonise 
improve one another to the utmost. 

13. In order to perfect harmony, the throe \ 

eolonis are nooessary, either in thoir purity | 

or lu oombination. REU 6. ■ 

lA Bed and green oombino to yield a ' 

harmony, ^ed is a primary colour, atid ' 

green, which is a sooondary oolonr, oonsists ORAN 

<rf blue and yellow—the o^or two primary Fig 

colours. Blue and orange also prodnee a 
harmony, and yellow and puiydo; for in PURP 

each cose the throo primary ooloura ore 

Pl^ve^t. OLIVE 84. 

15. It has been found that tho primaiy 
colours in perfeot purity produce exact bar- 
monies in the proportions of 8 porta of blue, This latter table shows at a glanqe how 

5 of red, and 3 of yellow ; that the secondary each of tho secondary and tertiary oolonrs 

oolonn harmonise in the proportions of formed, and tho proportions in which 

IS of purple, 11 of green, and 8 of orange; \ they harmonise. It also shows why the 

and that the tortiaty colours harmonise in | three tertiary colours aio called respectively 

tiie proportions of olivo 24, msset 21, and OREEN H. s ORANaE 8. the yellow tertiary, the red tertiary, and 
citrine 19. ^ | the blue tertiary, for into each tertiary 

lA There are, however, subtlotiea of bar- r-ixoiMB io equivalents* of one primary enter, 

mony which it is difficult to understand. citrine w. equivalent of each ot the other 

17. The rarest harmonies frequently lie Fig. 18. prunaries. Thus, in citrine we find two 

oloso on the verge of discord. equivalents of yellow, and one each of 

18. Harmony of colour is, in many resjiects, analogous to red and blue; henoe it is tho yellow tertiary. In russet we 

hannony of musloal sounds. find two equiv^ents of ted, and one each of blue and of yellow; 

QUALiniES or OOLOtrsB. and in olive two of bine, and one each of red and yellow. 

19. Blue is a cold oolonr, and appears to recede from tho cyo. Hence they are respeotivoly tiio red and blue tertiaries. 

80. Bed is a worm colour, and is oxoiting; it remains etatioa- ^*8^* dingiams of harmony. I have oonneoted 

axy os to distance. in the centre, by three similar lines, the oolonre whiob form a 

81. Yellow is the oolonr most nearly nlliod to light; it up- li^rmony; thus, blue, red, and yeUow harmonise whm placed 

poun to ftdY&iio6 tovBfds tho Bpootator. togetlior. Farpleigteoa, and otange also hftRaoiiiBe(liia>Toooiv*- 

88. At twi%ht blue appears muoh lighter than it is, rod "eoted them by dotted lines in the first of the two di^rrams).^t 
muoh darker, and yellow slightly darker. By ordinary gas- colours are to produce a harmony, the one ^ te a 

light Wue booomes darker, red brighter, and yellow lighter. colour, and tho other a eeoondary formed of tho other 

By thi* artificial light a pure yellow appears lights than white primary colours (for the presonoo of ^e three prhaazy 
itself, when viewed ia contrast with certain other ooloura. colours la necessary to a hamony), or ^e erne wiU be a 

S8* ftnlnnr may mahq g^sd OF depross, secondary, and the other a tertiary colour formed of the two 

oottvey the idea of purity, richness, or poverty, or may affect remaining eeoondary eolonre. Such hannonies I have placed 
tiis wiit'A in any desired manner, as does mnaio. opposite to each other; thus bine, a primaiy, hannomsoc with 

orange, a seoondary; ydlow with purple; and red with groan; 

TBAcaixaB or axweniBHOB. eecondary oolonr ia placed between the two primaiy 

*A Whetfa colour is placed on a gold ground, it ahonld be oolours of whkh it is formed; thus, orange is formocl of red 
ouluued with a darker abode of ita own colour. and yellow, betwemi vridoh it atanda; green, of blue and yellow; 

85. When a gold ornament &l]a on a oolonred groundf it I and pnrnie, of blue and red. In the aeoond of the two diogituna 

MaU "k., _1 _tA.1. * 


GRFCN II. 


Primary 


Seoondary 

Tertiary 


Colours, 


Colours, 

Colows. 


Blue . . 

8 

Purple , , 1.8 

Olive. . . 

34 

Bed . . 

S 

Oreen . . 11 

Busset . . 

31 

Yellow . 

8 

Orange . . 8 

Citrine . . 

19 


Primary 

Colour., 


SdcoiHlarj 

Colours. 


yellow 3. 


ORANGE 8. 
Pig. 17. 

PURPLE 13. 


RUSSET 31. 


Bed . 
Tellow 
Bluo . 
Yellow 
Bine . 
Bed , 
Bed . 
Yellow 
Blue . 
Yellow. 
Blue 
Bed . 


j. ruri>Io 
I Orange 
J Oreen. 
I ruride 


Tertiary 

Colour*. 

Citrine, or Yel¬ 
low tertiary 18 


Busset, or Bed 
tertiary 31 


[Olive, ot Blue 
[ tertiary. . 34 


OREEN 11. 


ORANOE 8. 


citrine 18. 
Pig. 18. 


idiattld bo outlin^ with blaok. 


we see that purple, green, and orange produoa a harmony, so do 


‘8A^- Whea an oraameni {alia on a ground uduoh is in dirooi olive, russet, and.ritiine.’ We also see &at purple and oitrine 
with it, it must be ontiined with a lighter tint of its harmoniae, and graen and ruaaet, and orange and olive. 
iljPlaaploar. Thus, when a rod ammmt MU on a green —..—-—- 



ti» ornament must he outlined wtiA a lighter red. 


* An equlviilsut of Uue is A of 8*d A of yoUow 9. 
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WEAPONS OF WAR.—IV. 

anr ah orricsB or tkh botal ABTiuSBr, 
SUAIiIi ARMS (eontittiMd). 


•operior qnaliiy. It ii not only neoessary to me good copper, 
booatue a very email admixture of foreign matter, by affeoting 
its malleability, will interfere with the production ^ a cap (rf 
the required form, but because too h^ or britile a metal ^ 


Bxfobb quitting the subject of musxla-loading smaU arms, of would be apt to fly and inf ore the firer. Partly on this account. 


wiiioh, together with the descriptions of powder used with them, 
' we hare given some eooount, it may be well to notice the means 
of ignition usually employed with arms of this class. Nearly 
the earliest and mdost mode of igniting the charge oonsisted 
of a fuse or slow match, which was applied to a small charge 
of powder placed over the “ touoh-hole,” or vent, aa it is now 
called. A grave inoonvonienoo of this system consisted in the 


and partly because of the liability of sine to corrosion, ihe pro* 
position which has been frequently made to substitute that 
metal for copper has always been bold to be inadmissible. 
For a similar reason our readers should bo cautiontsl against. 
employing, if they can avoid it, the cheap brass caps which 
are not unfroquently mannfaotnred and oolonred to represent,' 
copper. In the Government establishments very careful atten* 


fact that arms could hardly be carried ready prihiod, at least tion is paid to the selection of the copper. 


for any length of time, heoause tho priming was liable to drop 
out, or if it did not drop out, to beoome damp. Accordingly, | 
the soldier was^ eom- 

uiider this system was 

tachod to tho gnn was 

iitatoh was suporsoded 

flint being made to 
strike a spark as it 
descended on to tho 
priming charge of ~ 

powder. In some in¬ 
stances a metallic alloy 
of iron and autimunj , 

was substituted for the 1— SNIDEB KIFlh ophh r 

flint. Tho actiuu in 

both cases was the 

same j sparks being 

struck into tho priming- 

charge.* Here wo cumu 

more closely to our pro- /‘y— 

sent look and hammer. V\ 

A spring-lock was necos- \. 

sary to bring tho flint 
violently down, and tho 
hammer by whioh the 
flint was hold was tho 
direct parent of tho 
hammer by which tho 
p^ussion cap was 
^torwords fired. The 
next important advance 
consisted in tho appli¬ 
cation of tho peronssiou 

eystem to tho firing of Fi'. 2 .—bhioxr biflb closed a 
small arms. It is said * 

that a Scotch gunsmith, called l^rsyth, was the first who pro- | 
posed a poroussiou fire-arm, for which ho took out a patent 


Fl?. 2.— SHIDER BIPLE CLOSED AFTEB IN8EETION OP CABTEIDOB. 


Cap composition varios with different makers, and from time 
to time it has boon altered for military arms. Thus, the com¬ 
position for tho caps 
for the Enfield rifle con- 

W Fulminate of Uorcuiy . 4 f 

W .^KSB ClUorate of Potash . , 4 ’ 

Ground gloss . . . .81 

tho sensiHveness of the 

whioh ‘the cap was ‘re- 
quir^ to ignite the 
powoer contained in » 
paper cartridge, a more 
powerful composition 

BNIDEB BIPLE OPEN FOB BECEPTION OP CABTBIDOE. introduced, 

namely:— Parts. 

Fulminate of Hsreury . 4 
Chlorate of Potash . , 1 

gjBBfcme^a Thin composition 

proved, howovor, too vio- 
lent in its action for use 
\\ on tho nipples of the En- 

field rifle, whioh are of » 
different form from the 
nipples of the breech- 
loading rifles, with 
whi'jh the caps were 
intoiidod to be nsed, 
and .a fnrthor change 
was made to a com- 
position consisting of 

Fulminate of Mercury . 9 

TEB INSEBTIOK OP CABTBIDOE. Potnih . . 0 

Sulphide of Antimony . 4 


that a Scotch gunsmith, called i^rsyU, was the first who pro- The addition of the antimony secured the flash which Wi 
^sed a ^roussioii fire-arm, for which ho took out a patent quirod to pierce the paper oiivolope of the cartridge, while at 
ni 1807; but it was not, wo believe, until about 1822 that a the same time it modified tho intense violence of action of tht 


percussion musket was introduced—at least in this country— 
for military use. 

It is hardly necessary to insist upon the advantages whioh 


cap, and prevented it from “flying” into pieces,and uausing 
inoonvonionoo and injury to tho firer. 

One more point with regard to percussion cap.i, and we pass 


■tte percussion cap presents oyer tho match and flint-look guns, on to another subject. This point is the waterproofing of the 
A moment s oonsideration will servo to show that the change cap. Several metiiods have been tried, and are in vogue for 
WM B most important one, scarcely^ less important in its way rendering percussion caps waterproof j or, which is of mors im- 
zwn the introduction at a lator period of brcech-loading. To pnrtanoe, for enabling them to resist damp. Among these may 
” various simplifications and improvements cl the look bo mniitionod the covering of tho comiKisition with a thin 

whiw have been effected would be tedious; nor is it necessary motallio disc, or with a disc of india-rubber. The simplest 
to SM forth tile endloss varieties of peroussion caps and devices and probably tho most offootivo plan is that whioh is applied 
*** fire-arms by moans of detonating oomposition to the Government caps, vis., to subject tho composition to 

wmoh have been proposed and attempted since the subject of considerable prossui'e, by which mean% it is roduoed tp a stony/, 
this improved-method of firing was first suggested about sixty hardness, and io rendered almost impervious to moisture j while 
pears a^. It will be suffleient to say, that the percussiou caps by coating the o.<irrposition with a strong varnish of shellao the 
, for military arms, with the form and appearance of which all wvps ore nltimatoly made completely waterproof. 

’ our readers ore no doubt familiar, are m^c of pure ooppier of a We have now dealt ge&etaUy with all the piflnta which com 


VDL I- 
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nMt tbemsd'rM witii unszle-Ioadine rifled •mall arms. We 
bare oonBideied the bullet, the eharfra, the moans of ij^iion, 
the rifling, the weight emd. eharauter of the arms. Those 
elements, judiciously combined, gave us in the Enfield rifle a 
mifitary weapon of groat exoollenae. %at there were two im¬ 
portant direotiona in which improvements Boomed necessary 
and possible. The first and most important consisted in in- 
oreaeing ihe rapidity of fire; the second in increasing the 
ballistio power of our weapons, an expression which eoTors all 
the shooUng qualities of an arm—its aocnraoy, range, flatness 
of trajeetorji penetrative powers, otc.—as distinguished from 
those quidities which connect tiiemsclvos with easy and rapid 
loading, etc. 

In short, the advantages of the Enfield rifle as an arm of 
preoiaion were no sooner recognised than men began instino- 
tively to endeavour to simplify and aeeolorato the oporation of 
loading by introduoing tlio cartridge at the brooch. In the case 
of the cavalry soldier this was a matter of no small importance, 
ne difficultios of loading a rifled arm on hoTsoback wero con¬ 
siderable; and thus wo find that as early as 1857 stops had been 
token towards the supply of broeoh-loaders to mounted men. 
In that year some Sharp’s breech-loading carbines wore issued 
to two regiments of cavalry. The ohorge in this arm was 
Inserted bo^ly at the brouch ; and os tho blonk ascended it ent 
off the end of the oortridgo, and exposed tho powder, which 
was fired in the -same way as a muzzle-loader, with tho ordinary 
poroussion cap. Tlio Sharp breech-loader, which is still used 
te qpme extent by our cavolty in India, is an extremely bod 
breech-loader, for several reasons—among them the great escape 
of gas which ocenrs at tho broooh on firing, and tho employ¬ 
ment «f a porcussiun cap. 

The Westley-Kichards carbine was a great improvement on 
the Sharp, for tho qpd of tho cartridge was not out off in load¬ 
ing, and the esoape of gas was prevented by moans of a felt 
wad attached to the back of the oartridgo. In this wad wo see 
a sort of mde prototype of tho present non-oonsnming cartridge 
—<ka imperfect application of the present system of making the 
eortridgo do the work of checking tho escape of ga«. Wo recog¬ 
nise here, also, in this half solution of tho question, a dim per¬ 
ception ^ tho fact now so fully admitted, that tho cartridge 
is the turning-point or hinge upon which tho success of a 
breeoh-loading small-arm depends. Here, for example, we have, 
is tho Westley-Biehards, a superior combination to that whioh 
esistod in tho Sharp; and whyf Not bocadso of tho supo- 
rioriiy of the breech-o^on of the Westley-Biehards, for it may 
be donbtod if tho Sliarp action (upon which the present admi¬ 
rable Henry breech-loader is based) is not in fact thed>ottor of 
the Wo, No; but simply because Wcstloy-Biohards was on 
the right track with rcgiird to his eortridgo, and Sharp was on 
the wrong trod;. It sliould horo bo montionod tlmt, as an arm 
of precision, tho Wosilcy-Itichards carbine was a voiy good one. 
It was a “ smull-boro ” riflo—on expression to which wo will 
assign a definite meaning boroaftor—and it threw a 400-grain 
ImUet, with a 2-dnviu charge, with grrat accuracy to a long 
range. Bat the rifle (wliicU is now, wo believe, in tho hands of 
the yeomanry cavalry) is open to several objections—among 
them, that it is fired in tho old way by muons of a poroussion 
eap. So long as this mode of ignition is rotainod, it is impos¬ 
sible to reoliso the full advantages of a brcce.li-loador. It is 
fair, however, to obsorvo that it was thvougU no fault of 
the inventors that this objectionable foatnro in the Khorp, 
Westley-Biehards, and other brooch-loading rifles was retained. 
The fiaot is that the authorities set their faces dotoriniiicdly 
against cartridges containing—-like those now in nso for tho 
Snider—their own moans of ignition. It was supposed that, such 
oartridges were lioblo'to nocidental explosion en mrssr by the 
, ignition of a single cartridge in tho burred or box, and tlio' eon- 
,sequences of snob an accident were likely to bo so serious that 
any oartridgo of this description was considered inadmissible. 
We thus porerivo that a serious iKirrier existed at this time to 
the development of the breech-loading question. It was re- 
.garded as essential to employ ,the old muzzle-loading means of 
ignition, and greatly aocoleratod rapidity of fire—one of 'tlio 
ivinolpsl, though not thq only, advantage of brocch-looding— 
WMlimpossible with a capping breeoh-loador; so that for several 
years tiis qnastion was oonsidored mainly aS a cavalry qnos- 
non, thcility, but not rapidity, of loading being the,thing 
aim^ git. Indeed, rapidity of loading was rather deprecated 


than otherwise. Many good soldiers and experienced offioere 
declared .that if you gave a soldier a gun which ho could load 
very quickly he would expend all his ammunition before ho came 
within effective fighting range. It may bo admitted that 
breech-loaders sro open to this objection, ,^thongb not to any¬ 
thing like the extent commonly supposed, and the objection ia 
one whioh can bo remedied by discipline and an offeotive, careful 
training. The praotioo of tho Prussians is an example of this. ^ 
Hero wo 'have a nation which realty understands '&o breech-* 
loader, whioh is properly trained in its use and in tho ooono- 
mical expenditure of ammunition, and the results we have seen 
in two groat wars. On the other hand, we have the excitable, 
and, wo may bo permitted to add, badly-trained, ill-drilled, ill- 
disoipUned Frenoh soldier, blazing away at any nnmber of 
mbtres from the enemy, and running out of cartridges early ia 
the day. Cannot tho English soldier do what the Prussian docs P 
Is onr national temperament so oxoitablo, so unlike that of the 
Pmssians, that no training can tcuch onr men that the fighting 
unit is a man plus a oartridgo, not a man by himself with an 
empty poxtch f Then, again, it ia 1.) bo obsc-rved that although 
a somewhat 'wasteful expenditure of ammunition may bo one of 
tho results qf tho introduction of brooch-loaders, tho non-issue 
of breech-loaders would be tantamount to tho dostruotion of the 
r-rmy. If a soldier is likely to firo too rapidly in the one cose, 
ho ia certain to bo unable to firo rapidly enongb in tho other. 
Tho ono defect may bo corrected or controlled; tho other, so long 
as muzzle-loaders arc in use, cannot bo. It is not a question of 
ezpedion< 7 , it is a question of shoor necos.sit 7 . Whether or not 
breech-loading rifios may bo attended with certain disadvan¬ 
tages is a point which admits of diseussion, but it admits of no 
discussion that broenh-loading rifles are vital to the very exist¬ 
ence of an arra.v. If tho disadvantages arc there they must be 
made the host of; and the way to make tho best of this special 
disadvantage is so to train tho soldier, so to drill and discipline, 
BO to hammer at him, that he will come to understand that a 
shot ought never to bo thrown away. And if ho only act upon 
this principle, it will bo no objection iliat ho is able to fire a 
dozen shots a minuto instead of three, and thus to do his work 
in one-fourth tho time. 

What wo have written may appear to have an historical 
rather than a practical intorcKt. A little oonsidcration will, 
however, servo to show that this is not tho cose. It is in 
the history of tho subject tliat its foundations repose. In tho 
recognition of the difficolties which besot tho earlier attempts, 
and the objeetions which stunted tho growth of tho question; in 
tho perception of tho growing impertanoo of tho oaxtridge 
question, and the relatively inferior importance of the brooch 
moohonism; in the recognition of tho fact that tho question of 
hroooh-loading ia quite distinct from and indopondont of tho 
question of shooting—of ballistic power—wo have the elements 
of the snbjeot. Let us po^ now to their practical application. 

Up to about 1864 tho question of brcoch-looding was treated, 
for reasons which wo have endeavoured to trace in outline, as 
ono which principally affected tho cavalry soldier. But in 1864, 
instinctod by tho eiporionco of tho Dano-Gormnn war, General 
EusaoU’s oommittco recommended that tho British infantry bo 
armed with breech-loaders. The question then arose. What 
brooeh-loodor should bo provided ? I need not now traoe nil the 
discussion which took piano at tho tilde, or sot forth tho argn- 
moiits whioh ultimately prevaUed to secure tho adoption of tho 
Snider system of oonvorsion. Tho Enfield rifle was though^ 
and properly thought, to bo so czcclloni a shooting weapon, tiiat 
it was considered that it would bo sufficient, at least for the 
prosont, if this riflo wero provided with an arrangement which, 
without affeoting its shooting, would permit of its being fired 
more rapidly. In this way, while tho British army oo^d b» 
rapidly ro-armed with an effective breech-loader, ample time 
would he given for working out the question which would still 
remain of a totally now breech-loader for future manufacture. 
About fifty systems of conversion wore submitted to Govern¬ 
ment, in reply to an ad vortisomciit dated Angnst, 1864. Of the 
fire systems whioh were preferred by tho committee only one 
was a non-capping breech-loader, that was the Snider. 
Ultimately, after some extensive trials, tiie Snider was adopted. 
Most of our readers are probably more or loss familiar with th» 
breeoh-nction of the Sni^ rifle—^the blook hinged upon the side 
of tlio “ shoo,” and containing tho piston or striker, by means 
of whioh the blow is communicated from tho hammer to the capt 
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Those who am unacquainted with this am will be oblo to under- 
etutd Its oonstruotion ftoin tlio illuattations in pagre 103. 

The whole of tho Berviooablo long and short EnSeld rifles are 
rapidly being oonvortsd into breoch-loadore on this system; 
and these, with tho addition of some thousands cf new Snider- 
Enfidde, will giro ns about 700,000 Sniders by the end of 
March, 1871. Tho regular ormy, and we beUuro tho militia, 
ore already armed with this weapon; the armament of tho 
Tolnnteors is now proceeding. The Snider riflo was subjected 
to a good deal of hostila criticism on its first introduction, 
which has been sufficiently answered by tho meporienco of the 
past three or four years. We now hear litUe consuro of tho arm. 
It js obviously open to tho objection that the calibre ia too largo, 
and that it is i^orior as an arm of precision, and even as a 
bro^h-loodor, to some of the moro modem examples of military 
brooch-loading arms; but iho BimpUcity, offioioncy, and dura- 
bUity of tho breoch moebanism are now universally admitted; 
and as for its shooting qualities, the weapon ia at least as 
efficient as the Enfield riflo. Witli regard to the durability of 
these arms, it may bo montioned that tho writer of theso papers 
has Bocn sovoral Snidor riflos which have fired 40,000 and 50,000 
rounds: he has soon one which has fired over 70,000 rounds, 
and which is still serviceable. ^ 

Wo have yet to speak of a very important olomeut in tho 
now orm—tho cartridge. It is not too much to s.ay that it 
is rather to tho cartridge than to tlio breech mec-hanism that 
the aim owes its success. Tho broeoh inuchanism, it should 
also be understood, was not on easy one to eonstruct a cartridge 
for, because (1), in the event of a foildro on tho part of tho 
cartridgo, tho bloi-k was liable to bo blown open; (2) tho diffi¬ 
culty—wo might say, tho impossibility—of making tho blook 
fit accurately and closely against the base of tho cartridgo ren¬ 
dered the strain upon the cari.ridgo case peculiarly severe; 
(3) tho extmctuin of tho empty case hod to bo performed by 
hand, and without any leverage or mechanical assistance, and 
theroforo must bo easier than is nocoBsary for guns in which 
“power” can bo applied. But there wero other conditions 
besides those of strength and easy extraction which tho car¬ 
tridge was required to fulfil. What they were, and how they 
have been satisfied, will bo explained in another paper. 


BUILDING CONSTRUCTION.—VII. 

BBICKWOKE (continued). 

Biucewokk should not bo oarriod on in frosty weather, and 
even if such is expected, it is advisable, whore possible, to delay 
tho building. ITiifiniahed walls should be covered with straw, 
on which boards, oallod weather-boards, should bo laid. By 
attention to this simple matter injury to waUs might often bo 
prevented. 

Tho introdnotion of snbstiinoos other than those composing 
the walls should bo os fai* as possible avoided. In general, 
however, some wooden members ate required, but theso should 
bo treated with tho greatest caution, so that they may not bo 
oiuiihed by tho weight above them, or lost tho supcrstructurq, 
by being made to rest upon them, might beoomo liable to sink 
should tho wood decay. Tho principal wooden parts of tho 
structure which ore oonnoctod with the briokwork are tho wall- 
plates, templates, lintels, and wood-brioks. 

Wall-plates ore pieces of timber laid lengthwise on tho top 
of a wall to rooeivo the ends of the floor-joists, whieh rest upon 
them. This will bo fully treated of under the head of Flooring, 
and is only referred to in this place to explain tho purpose of 
waU-plates in relation to the walls. It will he oloat that if tlio 
joists wore tailed singly on the walla themselves tlio pressure of 
OBoh individual timber would be on a single brick and those 
which support it, whilst thoso between the joists would not in 
any way sharo tho burden. Tho 'woJl-plate then, ire-sting as it 
does on the wall, distributes tho weight over the whole length; 
and thus all parts of it bear alike. The application of a woU- 
plato vrill be shown in an illustration in a fnturo lesson. 

Tho purpose of templates (oallod also templets) is similar to 
that of w^l-plates. They are used in a stronger form of 
flooring, which will onbsoqnently bo treated of, called “ framed 
floors,” tho weight of which is borne l>y a few very large 
girders. Under these ore placed the templates, which ore stout 
pieces o! timber two or throe feet long; these, like the wall- 


plates, serve to spresid the pressure over a wider surface than 
that on v/tuch the girders would otherwise rest. 

Fig. 4't shows tho seotion of a girder resting on a tomplato. 
Now it is nocoBsary, first, that pressure should bo averted us 
muah n,s possible from the end of this girder; for, in the event 
of damp striking it, or its rotting, it would givof way under tho 
weight. Secondly, tho upper portion of tho wn31 sboidd reotavo 
no support from the girder by resting on it; for, diould ths 



girder warp, sag, or by ony moans sbabo, tho brickwork do- 
pemlorit upon it would crack and give way. Tho arch, then, 
turned over the end of tho girder and lintel, not only supports 
the wall above, but “ disebargos ” the weight over tlio wails on 
each sido. 

Lintels axa pieces of timber placed over the squave-lieads of 
windows; they are used to preserve the squaro foi-m, and for 
tbo attachment of lha wootleu lining of tho under surface of tho 
opening collod the soffit, etc. They shonid net, however, ba 
allowed to bear the weight of tho wall above, under which they 
would certainly give way; and any sagging in the middle vronid 
cause their ends to rise, by which the ontiro brickwork would 
bo disturbed. It is therefore nocosnaigr to build “ disohr-rging ” 
arches over them. Tho principle on whicli arclies are con- 
stnictod will bo considorod further on; it is therefore only 
uecoBsory here to demonstiato their use in rolloving tho lintel 
from prosmiro. 

Fig. 4i i'.lustrates tlio position of a lintel, over which a dis¬ 
charging arch is placed, for tho samo purpose as that above. 
This cut also shows tho application of wood-hrirl-s, w, W. 
These are nsod for tho attachment of joiner’s work in tho j.'.aiba 



of tho windows and doors, for their fittings, and along tho walls 
at oertoin heights for tho ddrtings or wainscoting to^ be nailed 
to. It is Boorooly necessary to remind workmen timt it is worse 
than useless to drive nails into mortar between btioks; and 
that therefore when it ia nooessary to drive a noil into a wall 
already bnilt, tho wail must bo plugged, that is, wwlgos < f 
wood must bo driven in, and into thoso tho nails may be ham¬ 
mered. But tho use of wood-bricks snporBodes the necessity 
of wedges In a wall in course of building, and as it ia known 
boforehamd what fittings aro to bo attached, the blocks ol weed 
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out to the esaot ahape aad cize of the bricks can be vorked in 
08 brioks at the points in the Troll trhore they rrill be required 
by the joiner. 

Wood-brioka ore, hoTrover, gradimlly going ont of use. It is 
found bettor to insert o piece of timber of the thiokneas of the 
joint of the briokwork—viz., aboat j or f thick, rrhich shrinks 
lose than o trood-brick, and etill affords safficlont hold for the 
naile. 

Bond-timbers are long pieces of wood like oontinnona wood- 
brieks. They aru not much need now. Thoir purpose is to 
bond the bricks together, and for the attachment of mouldiuga, 
wainsooting, etc.; but they are liable to shrink, swell, and 
decay, according to the situation in which they may bo placed: 
and farther, in the event of taking fire, they buru away, and 


if designed by another. Let ns then state once for all, that 
every curved oovoring to an aperture is not necessarily an orolt 
Thus, the stone which rests on the piers shoTrn in Fig. 4S is 
not an arch, being merely a stone heTraHkout in an arch-like 
shape; bnt at its top, the very point (a.) at which atrengidi is 
required, it is the weakest, and would fracture the moment any 
great weight Tvoro placed upon it. 

Equally faulty is the annexed example of an early Egyptian 
attempt (Fig. 46), in which the first oonrse of horizontal stones 
projects beyond the tders, and on these rest a third, hevm out 
to oomploto the form ; and hero again we have weakness where 
strength is required. 

At Etruria, and also at Fhigalia, oonstruotions similar to Fig. 
47 have boon found, which are, if possible, worse in principle 



thus 'the wall resting on them is weakened. Tlieir use in 
England is now almost entirely supersodod by hoop-iron. Thin 
and narrow strips of this metal, tarred, are laid in the bod- 
joints of (bo mortar, at intervals more or less frequent, accord¬ 
ing to (be thickness of the wall; and they ore found in every 
way offeotiTe, whilst it has been ahoTm that the joiner’s fittings 
may be attached to single wood-brioks, on which so much struo- 
tni^ strength or Bofdiy does not depend. 

ABCHIS. 

Arohes have been incidentally spoken of, bat they form such 
on important feature in building ennstmotion, (bat it is deemed 
advisable that tliey shonld be treated of aepaxatoly. It is 
nedeaaary, then, that the student should have a very door oon- 
.ception a^ to what on arch really is. For if a positive oon- 
eluakm hoi not been arrived at, and if the **aroh principle” 
is not 'IbcMeOttghly understood, he cannot be expected to design 
on arch, or to oonstruct it with accuracy or totolligcneo, erven 


than the previous ones; for it is clear that, unless the npper 
slab be longer than the width of the opening, and the lower 
stones are weighted at their tail ends, the whole must fall in 
the moment any weight rests on A. 

Wo come, then, to the point at which it is required that wo 
should state, os briefly as possiblo, what on arch really is. 

An arch, then, is an aesombloge of stonee or brioka, so 
arranged that (bey may by mntual pressure support not only 
each other, bnt any weight that may be placed upon them. 

The leotling principles in the oonstmetion of an aroh are— 

1. That all the stones of which it is formed shall bo of the 
form of wedges ; that is, narrower at Ihj inner than the outer 
end. 

2. That all the joints formed by the meeting of (be slanting 
sides of the wedges shonld be radii of the oirale, circles, or 
ellipse, form'mg (be inner curve of the arch, and Trill therefore 
oonvorgo to the centre or centres front which thew ore stmok. 

These two brief statoibents Trill serve at the p^ent stage to 
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make oleai to the mind of the student the grenoral prindplee of 
an aToh; the mathematical reaHonings oonnected with l^e de¬ 
signing ot arches to boar oertoin weights are omitted, as not 
coming within the scope of this course of lessons, but the writer 
is very ansious that the student should clearly comprehend and 
not misconstrue the cause of this omission. It is not hecatme 
he deetns ihi» mathematical knowledge unneceesary, but simply 
because ho wishes to gire information to students who have not j 
had opportunities of acquiring such. Klementary works on the 
various mathematical subjects connected herewith can, however, 
be easily obtained; and all who would really study principles, 
and appreciate the exquisite refinement of the examples herein 
given, ore strongly urged to read them. - 
Referring to Fig. 48, wo will first explain terms. The under 
surface is called the intrados, and the outer the extrados. The 
supports ore called the piers or ahatments, though the latter 
term is one of more extonsive application, referring more 
generally to the supports which bridges obtain from tho shore 
on each side than to other arches. The term piers is, as a rule, 
supposed to imply supports which receive vertical pressure, 
whilst “ abutments ” are such ns resist outicard thrust. Tho 
upper ports of tho supports on which an arch rests are called 
the imposts. The span of an arch is the complete width 
between the points where tho intrados meets tho imposts «u 
either side; and a line connecting these points is called the 
springing or spa/nning Une. 

Tho separate wedgo-liko stones oomiKwing an arch are called 
voussoirs, tho central or uppermost ono of which is called tho key- 

• stone ; whilst those next 
FIC..S4 to the imposts are 
fV. termed s}yringers. 

^ TV The highest point in 

/ \ the intrados is called 

~— —^ — _j —_, N tho vertex or croton, and 

\ 6 b 7 y B height of this point 

\/ above tho springing lino 

y'f is termed tho rise of 

4 ''-....^ tho oroh. It will bo 

‘ **C* evident that in a semi¬ 

circular arch, such as 
Fig. 48, this would be tho radius with which the somicirolo is 
struck. Tho spaces between the vortex and the springing lino 
are ciUlod tho Jlanks or haunches. 

The following aro tho varieties of arohos used :— 

The Semicircular, as shown in Fig. 48; tlio Segment (Fig. 
451), in which a portion only of tho circle is used—tho centre c is 
tlioreforo not in tho springing lino s, 8; tho Elliptical (Fig. 
50); the Ifyperholical (Fig. 61); the Parabolical (Fig. 52); the 
Cycloidal (Pig. S!!). 

The methods of constrnotiug these various curves are fully 
elucidated and illustrated in tlio lessons in “ Practical Geometry 
applied to Linear Drawing,” and it is therefore not necessary tw 
roiieat them in this place. 

Tho Catenarian (Fig. 54), the form of whioh is tho reverse 
of tho curve taken by a chain or heavy rope when suspended 
between two points, as A n, A simple mcnhanical method of 
dcscrioiiig this curve is os follows:—Draw tho springing or 
spanning line, A B, and biseot it by a porpendionlor; jilaco your 
drawing-board upright, and having marked on tho control per- 
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. CALICO PKINTIKO. 

Calico printing forms now ono of tho (jroatest industries of 
the country, and is d>?siined steadily to increase as the great 
foreign markets become more and more opened np to British 
comincrce. It is associated with the names of many of 
the woiilthiost families of Lancashire and Glasgow, such as the 
Peels, whoso enterprise in availing thomsclvos without delay 
of every improvement in tho art, led to tho roaUsatiou of that 
fortune wliiuh enabled tho late statesman to devote lumsolf to a 
public career. 

iVom the earliest ages down to the end of last contnxy, what 
is ternicil “hand-block printing” was nnivorsally praotisod, 
and it still oontimies to bo to some extent. Block printing by 
machinery has since been iiitrijiliiood; hut tliough the machines 
employed for this purpose are very ingenious and i)eaatifnl, 
they wonlil never have siiiRccd to moot tho rapidly inorcasitig 
demands of tho trade. It is to tho invention of the cylinder 
maehino that the prosperity of our manufacturing districts is 
so largely indebted. 

Block printing, as distinguished from cylinder printing, con¬ 
sists in stamping tho calico with a pattern raised iu relief upon 
the block, after iKiing moistened with tho oomposition which is 
intended to be transferred to the cloth. Tho hand-block varies 
somewhat in size,according to tho pattern or work required; 
but it is oommonly about nine inches long and six broad, with 
a handle for the s.ake of convenience. Tho pattern is some¬ 
times cut out in relief upon tho wood, but this is liable to wear 
doNvn very rapidly, so that it has been found grcutly preferable 
to raise tho pattern on tho block, by inserting strips of oopper 
of the desired form and thickness into tho wood, by which 
means a shai'pcr and more durable design can be obtained. 
The mordant, or dye slnff, as tho cose may be, is applied to the 
block by pressing tho Jattcr upon what is termed a “ sieve ” (a 
box covered with woollen cloth), which is kept moist by tho com¬ 
position below working its way np through the interstices, 
and then tho cloth is stamped with it at'the regular distances 
required to produce tho pattern. Another mode of charging 
the block with tho dyo is to pass a moistened roller over it, 
ol’k-r the manner gf'iienilly adopted for apjdying ink to lettcr- 
prc.ss. Eievcral colours may, however, bo printed simiiltaneonsly 
with one block ; in which case iho sieve mnst bo divided into as 
many coinparlmcnts ns may ho rcqnired, each divirion oorre- 
spt.nding iu shape and sisu with tho portion of calico which is 
to receive a on tain mordant or dye. If tho several colours are 
to form parallel lines, whether straight or waved, the roller 
can a'so 1)0 readily nrlaplcil to this pui-pos-e. A jiioco of prir.t 
would ordinarily ris|uiie ahunt 45U M'paruto applications of tho 
hiMul-hlock, involving a very scrinns expuuso for labour, us 
well ns ocoupying a considerable time; especially as each im- 
pressiou must be adjusted with tho utmost nicety, or there 
will appear to be breaks or irregularities iu the putteru. In 
order to inereaso dispatch, and at tho s-aine tiiiiO to soenru 
great precision in tho joining of tho pattern, machinery has 
been adopted ; the most oomjdotc invontiem of the hind being 
tho “ P.irrotiiK',” so named because it was brought to pcifoctioii 
by M. Porrot, of Rouen, one of tho chief centres of tho J’j'ench 


pondioular tho length 4 equal to tho height of tho required 
arch (tho rise), fivston a cord at A ; place a nail at b, and, sns- 
ponding tho cord over it, draw it until it gradually roaches c ; 
then fasten it, and with your pencil carefully trace tho curve 
thus formed, being guided by, but not disturbing tho cord, 
whioh should bo first wetted and dmwn botwepn the fingers. 
A further improvement on this method is to obtain a quantity 
of shot, drilled tlirongh their centres like bemls, and thread 
them on a fine flexible cord, such as silk, having- previously 
slightly rubboil them over with common black lead. When 
this lo^od cord has been accurately ploood, press gently on the 
shot, and thus a series of marks will bo made on the paper. 
The curve drawn through these points will be the Catenary. 

Now set off any numW of divisions on eaeh side of the oentre,' 
and draw porpendiculmrs through them, outti.ng the curve in o, 
b, e, c, d, e,f, and passing through tlie span A B in 1, 2, 3, 4, 5, 
6, 7: set oS all the perpendiculars above the spanning line, the 
lengths of 1 a, 2 b, S e, eto.; join these points, and the onrve 
will be the oabmary inverted, as used in the oatchaxian aroh. 


cotton mannfacturo. 

Cylinder printing has now almost superseded all tho other 
pToonsscs, those previously employed having no chance of com¬ 
piling with it, either as to precision or dispatch. It dates 
from about the year 1785. It differs in several particulars 
from tho blook system. In the first place, tho jiattem is not 
rai-xod upon tho cylinder, as in tho block, bnt out into it, by 
which means fine linos can ho prcduei’d withont suffering much 
from wear and tear; in tho ai*corid, it can bo arranged with 
such precision that the pattern shall bo continuous ; and in tho 
third, the printing can go on without intermission, so that 
there is an imroenso saving of time. Tlio multiplication of 
differont cnlour.s in ono jinttern con also be much.more easily 
effoctod by tho adoption of this system, as almost any number 
of cylinders can bo atlaj tod to tho machine, occordiag to the 
number of colours desired. 

Tho following description of tho aotual operations will be 
confined to cylinder maeliino'iu-inting, as the block system only 
varies from it in'tbe mechanical anangemont. The severs] 
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prooes9a9 wUoli a piece of goods ordiaari ]7 paisas tbzongfa at a 
priotinsr establishment consist of’printing, storoing (in which 
agoing U iiicluded), dunging, d;eing, brightening, and dress¬ 
ing. There ore, however, some spsoial prouesaoe adopted to 
produce diffetout styles, whioh will be doseribod afterwards. 
They may be regarded os additions to, or variatioiiB from, the 
ordinary style. 

Printing .—It will bo soon at once that the result depends 
upon ffio'same ohemiottl reaotiona ns have boon fully explained 
in the provions artieles upon Dyeing ; and it will be nocessaiy 
to bear in mind the epociiU functions of mordants and alterants. 
fOio colours which- the piece of goods is hereafter to assume are 
not printed upon it, but only the mordants, which arc to take 
them up afterwards, and to fix thorn. The pattern being 
engraved upon the copper cylinder, it has to be charged with 
the mordant, which must bo of such a ixiusistenoy that it will 
neither run too freely, nor stick to the metal. With tliis object, 
it is u.snally thicltonod with flour, starch, pipeclay, sugar, glue, 
gum, etc., but the quantity of each ingredients varies a good 
deal, acoordiiig to the eharnotor of the design ; and tho thiokoa- 
i:igs thcnisclvus must bo selected with reference to tho substancos 
tontoliiod in the mordants, come of the salts used for this 
'purpose causing starch or flour to coagulate, while others 
have tho some effect upon gums—whioh renders them quite 
unfit fur tho purpose. The mordants havo, of cuur.-ie, to bo 
likewiso selooted with roforenoo to tho colours which it is 
intended to prcdiioo, so tlmt, on sabsequently steeping the 
cloth in the dye, difForent ohomiool roactious may take place, 
and thus bring out tho variety of colours or shades required. 
Thus nrordants made with iron salts and alums in various 
proportions will serve to produce all kinds of tiuts from red to 
purple, and even to brown : by omitting tho alum oliogotlior, a 
black may bo produced; and, on the other hand, an aluminous 
cempoond without any iron salts will servo os a mordant for 
orange, llaoli cyUndw employed, being arranged so as to fit 
into'its exact place in tho pattern, and charged with its rospoe- 
tivc mordant, passes over the cloth in succoasion, discharging 
tho mordant upon it, which then passes at once into at/othor 
clmmbor, in order to undergo tho next process. The printing, 
however, cannot be satisfactorily performed unless tbo cloth bo 
damp, a certain amount of moisture being absolutely neeo.ssary 
in order to ensure tho mordant's thoroughly udheting to the 
fabric j bat if, on tho contrary, it should bo made too wot, tho 
mordant would bo liable to run, and tho sharpness of tho 
pattern urould bo marred. In order that tlio proper medium 
should bo secured, and that tho whole piece should bo of uniform 
dampnoss, it is found best to let tho goods lio in a damp atmo¬ 
sphere for eomo time, and that tho printJng-riioui should be 
luuiuta'.niul at a pretty high tompoiaturc with tho air thoroughly 
saturated with moisture. 

btoi'Hiij .—Immcdiatoly after coming off tho printing-maohino, 
ll'j cloth is possod tlirough a hot fiuo, in order to dry tho sub- 
stwioo tohoa off tho cylindors boforo it has time to spread, 
whioh action Xiould bo oncouioged by tbo dampness of tho 
fabiio. In tho act of drying, the mordants adhurc more closely 
to the fabric, ospociolly if acetates of icon havo boon used, the 
acetic acid being driven off by the beat, and leaving tho iron 
• free to unite with tho cloth. Tho hot flqo leads into tho 
0 going-room, where tho oloth remains sus^ndod for almut a 
couple of days, to oomploto the fixing of the morrlant-i, no far 
os exposure to the infiaunoe of tho atmosphere will carry the 
process. 

DangiRjj.—This is a very nooeasary operation, and is so 
v.e,ri^ from cow-dung being usually the material employed for 
the purpose. Other ingredients ore Eometlmcs u:<cd us sub¬ 
stitutes. and there ore coses also when a bran-bath will snffloe. 

. Vbe valuable prop^ties of the dung appear to consist in the 
1 phospboms (^pounds and the albuminous mattors coiiUincd 
i in it; and ihe'natnral combination is preferable to tlic ubomical 
preparations which are in smne instances used instead. The 
rei^t produced is a doul^ one; it fixes more thoroughly the 
iron salts and olnminoua mordants whioh have been ti-ansfen-ed 
to. the cloth in .the act of printing, while at tho somo time 
it oarrios off Uic ingredients whioh havo been introdcood as 
thlokoningB, so as to expose tiie mordants to the full action of the 
which ia presently to be applied. It is usual to pass the 
^wds npidly fhtwigh two ssparats baths made of a solution of 
.this matiniu is warn watsc, iha tMika being aseanged with a 


series of rollers on each side, over whioh the fabric is drawn 
alternately, so that a very large surface is exposed to the aotion 
of tbo bath. Detweon eooh of those immersions the goo^ 
should be well scoured in the dash-wheel (similax to what is 
used in bleaching), so as to carry off the extraneous matters. 

Dyeing .—Up to this stage, although the pattw has been 
printed upon tho cotton, the effect is not manifest, the slight 
colour which may have been conveyed to the clotii with tho 
mordant having no reference to that which is intended to be 
ultimately produced. This comes out during tho dyeing; the 
mordanted portions of the cloth—whioh exactly correspond with 
tho pattern, or combination of patterns, engraved upon the 
cylinders—taking up the dye, and producing, with the various 
mordants employed, the variety of colours required to produce 
the desired result. T'he chemical processes upon which this 
depends will be readily understood by tliuse who have read the 
previous articles on Dyeing, but the practical details will need 
somo further dcaoription. One of tte dyes most commonly 
used for this purpose is madder. A solution of it is made in 
tho dyobcok—a long vessel containing tbodyo in solution, above 
whiub a roller or rod extends for its whole length, over whioh 
tbo cloth passes; and, boing made to revolve by a winch, it 
carries tho fabric with it, so tliat the whole surface bedbmes 
icqcally exposed to tho action of tho dye, and by repeated revo¬ 
lutions has as largo n satl'uuc as possiblo brought under its influ¬ 
ence witliin a given time. Tho immorsion in tiiO dyohock should 
occupy four or five hours, during which period the tompeiaturo 
should bo gradually raisod from a tepid to tho boiling heat. 
[The addition of a littlq chalk, especially if tho water should be 
Jvery pure, greatly heightens the effect of tho madder. Should 
it bo intended that tho mordant printed from any one cylinder 
shall take up no other dyo than madder, the prooess above 
described must be repeated until the mordant is thorongbly 
e.aturntod, so that it may bo rendered incapable of taking up 
any of tho dyes to be sabsequently applied fur other ports of 
t'ho pattern. Suppose, however, on orange be desired, the mad- 
dcring would bo stopped sooner, in order that somo of tho mor¬ 
dant might roinoin freo to combine with tho yellow dyo. The 
same plan is adopted when solutions of quercitron, sumach, and 
other dyo stuffs are used. 

ISngliiening .—The next stop (somotimos oallod “ clearing ”) 
is for tho purpose of bringing up tho colours to their full bril¬ 
liance, and at tho same time of finishing tbo operation of'fixing. 
This is attained by passing the goods through a soap bath two 
or more times, according to tho dyes which have boon previously 
applied, tho second immersion being usually in a slightly ooid 
solutien. Dctwcon each bath tho fabric sliould bo ^oroughly 
rinsed and exposed to tbo air. Tho effect of tbeso opwations 
is to clear tho unmordauted portions of any colour that may bo 
adhering to them, so as to obtain a perfoctly white ground, and 
also to discharge from the rest of tho surfoco any excess either 
of mordant or dyo which has not entered into comliination with 
tho ether. Some dyes, however, will not boar tlio aotion of 
soap, and for clearing tbeso a bath of bran is used instead, the 
goods being immersed for about half an hour, daring whioh 
time tho liquor is raised to tho boiling-point. After ^is they 
only require dressing, in order to givo Uom a proper finish for 
tho market. 

Such is a brief doecription of tho process in most goseiftl use 
for iirinting ualiooos. Tho ingredients principally employed as 
mordants arc alumina and the salts of tin and iron, different 
combinations of wldclt are worked up with gum and other 
thiokenings, in order to make tho various paatos for feeding the 
cylindors upon whioh tbo seroral parts of tho roquiiod pattern 
are engraved. Tbo dye-stuffs whioh are subsequently used for 
producing a permanont colour with tho various mordants have 
already boon named in tho articles on Bleaching, the oidioo 
printer having, to (mnsidor tho varied affinities of certain dyes 
for the sevezwl mordants which havo been used in printing tiie 
pattern, so that they shall produce such colours, or combina¬ 
tions of cebur, as shall make aharmonbus whob. Moddmr, 
ooohineal, and safflower ore muoh nsed for various shades of 
rad; chromium, yellow berries, and qnerdtron, for yoUows and 
orange; tho doable cyanides of potassiam for bluewhile com¬ 
binations of these, by sucoossivo applications in the dyebook 
npou appropriate mordoats, will produce the intermediate 
eobnrs. Tho selection of the moat snitable dy;>-gtafiis. eo M to 
realise the best effect, is a matter of oonsidorablo imycriuo*) 
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nor is the order in whidi the dyes ore applied a matter of indif* —-eaoh as the ellipse or hyperbola. They are othenriee nearly 
feranoe, the ^ei-al rale, however, that the darkest similar to the Botnon, wMoh ore therefore illustmted in tide 

ooloors should be dealt with first. place os being the simpler and the more generally nsed. IDie 

There are yet other proceseos oonneoted with eaUoo printing modes of describing the oonio sections will be fotmd ih the 
-to be desotib^ which must form the subject of another artiale. lessons in “ Practical Cieometry applied to Linear lowing.” 

Fig. 113.—The moulding of which this is a section is called 
the Ovolo, OF quarter round. The flUet, or straight edge pro> 
TECHNICAL DRAWING. —jooting beyond the curved portion, is to be drawn first, and. 

nOTiSTAiLiNa. then the horizontal, whioh represents the*depth or bottom fhia 

Wb do not know ally branch of carpentry or joinery which so moulding. Now produM the bottom ^o of the fillot. 

muoh shows whether the workman is a “ good hand ” or not, as !«>»"*?>■* the ^e is to start, mark 

the way in whioh he joins timber at the anglc-s. We say “ oar- moul^ng. The ^mt mwked © in the out, 

j.oatry and jrnory,*' bec.au88 carpenters are constantly colled « «!« ^hioh the qnadran^t w to be struck. 

Tinonto build wooden casoa for cistoms and similar construo- cailod tho Jorus, or half-round. Havm^ drawn, 

wons: and, therefore, thi.s lo.saon refers to thorn as Will as to *^0 **>0 representing tho bottom of the m«mlding, 

j;jauers. Certainly it applie-s to ull yimnff workmen, for they, Bisect tho width of tho 

above all, must learn ncouracy in joining, and must aci. uire tho P,”'!*’. bisecting pomt wil^e the centre, 

power of cutting wood, so that every part may fit without ^'*2- 'e th® Cnvetlo, or hollow. This is a quarter-round, 
iioing hooked, chopped, cUisclled, or sliii’^ed, by whioh material, curve turnnig rnteatd. It is thus prooisely the revorso of 
time, and parionco are wasted, and, in cMscquonoo, bad work . . , , ,„ 

ensues. It is, of course, de.sirable that a joiner shonld work ® ®f the moulding called the CyiM- Bcetek 

Huickly; but it is by far mote impuitanl that he should work ^® form of this moulding is to a oertoin extent a matter 
ivMs that ho should join his materials with firmness and ueeii- taste, since tho curve may bo made more or loss full, as 
r.ioy; that ho should niafco tho sni-faeos perfectly even and' ^ ^^'® I'^reo exainjoles, Figs. IIC, 117, and 118. To 

a.nooth, the monl.lhigs trim and regular, and tho parts iiitondcd describe Fig. IIC, draw a perpendicular across tho depth of the 
to move so that they may bo used with ease and freedom. moulding, a-id bisect it. From tho bisecting point os a contra 

It is also of the greatest iiu])ortance that the work when thus P°i>>t describe a quadrant; through tho centre draw a horizontal 
put together should bo construotod of such dry and sound | “"®- '“>« from tho point wliero the quadrant already drawn 
matarials, and on such priiiciplcs, that ftio whole should licar i touches this line mark off the radius; then from this point as 
tha varioua chaiiffca of toniporatiiro and of inoisturo and drynoBs, ^ centre describe the Rooond quadrant, which will complete the 
so that tho least po.s.siblo shrinkage or evvclliiig should take form. In thi.s and tho subsequent curves composed of oom- 
plooe, and that frainoH, panels, or door.s should not warp or t)in®d arcs tho greatest cai-o is necessary, so that tho one may 
twist. Wo have soen tlm groat cITocts of oncunraging good fflido smoothly mto^ tho other without showing any break or 
workmanship in iron and in the construction of machinery, thickening at the joining. To describe tho Cyma Ueota shown 
wliich is now one of tho imlustrius for which this country is ™ which is the form most generally used, lot n and o 

famed thronghout tho world: let us attach tho same importance I’® t^® ’’i' ^^® moulding. Draw tho lino n o, 

to our wood-work, and there is no reason why wo should not in bisect it; with half ti o as a base describe an equilateral 
that branch attain a similar imsition. triangle on tho opjiosito sides of tho Uno; then the apices* of 

One of tho most important methods employed by tho joiner triangles wiU be tho centres from which tlie curves axe to 
is that termed dovclailing, which is of three kinds—^namoly, be struck. , , 

common, lap, and mitru. C'onnrion ’dovc-tailing shows the describe Fig. 118, or others the curves of which are 

form of the pins or projocling parts, os woU as tho cxcavo- required to be more flat than in tho Last figure, draw the line 
tiona made to reooivo llicm. Fig. 108 shows tho ends of tho ° »*• Bisect those two divisions again, 

two boards, a and b, to bo thus, joined, and Fig. 103 show.s ; and the centres will bo on these bisectir.g lines, acoording to 
tho joint completed. Fig. 110 roprcsoiits a variation of this *^0 form required; for, of course, tho longer the radius the 
form, nsed in attaching tho fronts of drawers to llio sides, and Hatter the curve will bo. 

for Similar purposes. Iloro tho dovetail is shown on tho ono rcqmred that tho curve slmuld be more fnU at the 

side only, a ledge being left at tho end of a so that tho ends than at tho upper part, it may bo effected in the following 

of the dovetails of the side b do i«.t ponotroto quite to the front, innnnor, wliich is shown in Fig. 113. Having drawn « o, divide 
Lap dovetailing is simiJar to this, but in Uint systom tho ends intt> oijual parts ; construct an equilateral tn^glo, the 
of tho doTotails of tho eido a aro shortenod, and tho recesses , which is two of those thirda, and on the opp<^to aid^f 

whioh ard to receive tliom in h are not cutthrouj^h; when joined another, the base of which la the remaining wrd. The 

together, therefore, only the lodge in Tisiblo on the return side, o-pjcos those triangles will bo the centres for tl» oorvos. 

2fifre dovcittiHnp—eometimes called also sreret dovnfaUivg^ Fig. 12t) la tlio (7i;wa Reversa, In this moulding tho curve 

oonoeelB tho dovetails, and shows only tho mitro at fio edges. outward ut ite upper part, ita fulness being regulated by 

The manner in which this joint is eifectod will bo understood taste of tho designer. Thus it niay be formed of two qaaa- 
from Fig. Ill, in which tlio two parts A and b aro given, each j **3*“1^*. Fig. 120; or of two Bcrairurcles, as lu Fig. 121; or ^ 
part being lettered to correspond with tho position it is to \ ot tho ivro dmwniTom the apioesoi 

occupy when tho sides aro joined. Coiicoal^ dovetailing is | as in the cyma rurta already shown. 

particularly useful where tho faces of Iho boards aro intended | feco/iii. This is aliollow moulding, ^meumes 

to form a salient angle, that is, ono whioh is on the ouUiile of ! consisting of a Honneirolo only vi'/., the roverso of the tonm. 
any piece of work; but whore the faces form a ro-cnirant angle— j other instaneos, as in P ig. 122, it w composed of two 
that is, a joint to bo soon from tho common dovetailing eontros, as in h'lg. 128. 

will answer best; for, first, it is stronger, because the dovetmls ■ To draw this, divide the dopth of llio monlding into throe equal 
pass entirely instead of only partly through; secondly, it is I dostiribo t.h; quadiunt r u; produce 

cheaper, for the dovetails which go through tho whole wood 
take up BO much loss time in working than whero a mitro has 
to be left: and further, if well cxocutod, tho dovetails are, by 
the very nature of tho work, cqiicoalcd intenially. 

Tig, 112 exhibits a method of joining; two boards at right 
anglM to eaoh other. This is tho simple mortise and tenon, and 
will not require any explanation. 

KOTTLDINOS. 

MonldingB are olassod as Koman, Hrooian, and Gothic. 

The Boman mouldings ore all formed of parts of circles, and 
MB therefore be struok With oompasscs. The Q.'oeion are prin* 

ripelly composed of pnxts of eurvos known as tho conic aectiont yjjnoe-i-j.lnrnl of "pfe. Tho eppor point of a triangle. 


j oreot a i>oTpondionlar, and mark on it n. fc, equal to i w; draw 
j i k, and bisoet it; proilueo tho bisoctiug lino until it outs n k 
in s. Draw s i, and produce it. From i, with radms i it, draw 
tho next portion of tho curve, meeting s t produced; then oom- 
ploto the curve by an arts drown from s with radius s n, 

A fillot (from tho French word filet, a band) is tho small flat 
edging nsod to separate two larger monldings, to strengthen 
their edges, or to fonn a cap or crowning to a monlding. Tho 
fillot is one of the smallost morabera used in oomioes, orohi- 
travea, bases, and po.ic.stals. When placed against iiie flat 
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Biufnoo of a pedestal, it is usually joined to it by a small 
qiiaTter<round hollow called tho Apophyge (i'ig. 124), 

Tbo toms, when worked vory emalJ, is .called the Aattagal 
(Fig. 12G); ba^ when worked so os not to project, os on tho 
edge of boards to be joined, it is coiled a head. 

Figs. 126 to 133 are sections of Oulhie monldings. Tiio wholo 
of tho oonstruotion linos are given in the illnstration, and it is 
hoped tho student will bo able to work from tbeao without any 
further aid. The wholo subject of “Gothic Arohitooturo’’ will 
be fully treated of in a seinwato series of lessons. 

FBKIillAIID DRAWIXa FOB JOINBBB. 

We now proceed to give some examples of free-hand drawing, 


Figs. 140 and 141 are Baoient borders worked on the ogee or 
cyma revorsa moulding. These are both to bo started in tha 
same manner as Figs. 143 and 144—^namely, by dividing the 
width into equal ports for the middle line of tho arch or (2 the 
tongne, and dividing each space again to obtain tbo middle line 
of tbo ^rt or flower. The main forms axe then to bo sketohed in. 

Fig. 142 is tho Owilloelte, or chain, and is formed by con- 
oentrio circles overlapping each other. This pattern is easily 
drawn with compasBos, bnt is hero given as a freehand study, in 
order to give tho student an exeroiso in severity and aeouraey 
of form. 

Fig. 143 is a Greek border, composed of a leaf and dart, and 
is presented, of oonrso, with the understanding that it is to be 



wliioh wo Bro snro will bo ncooptablo to the student. In these 
examples Pigs. 134 and 136 are stndies of tho wave-line. They 
are, in fact, the cyma recta repeated, tho depth being lessened 
iaBg. 135. 

Pig. 136 is a study of the dementaxy lines of a running scroll, 
formed of the ware-line, with tho additioii of si>irals. Caro 
must bo taken in drawing thewi spirals, so that they >n;ir pro- 
oecd from the stem in a smooth and continuons manner. ' They 
should start as a continnation of the ware-line so gradually, 
that if tbo stem beyond the spiral wore removed, the seroll 
would be perfect, and that if the scroll were taken away tho 
vrsevo-line would remain uninjured. This should else be tho 
oaae iu Fig. 137 , in which tendrils aro added to the scrolls. 

Fig. 138 is a further elaboration of the same design, the lines 
Mag doubled. 

Fig. 139 is another siinple ronaing pattern baaed on tho 
vrare-liBe. 


copied on n very mnch larger scale; and the student is again 
reminded that shading must be secondary to outline, and that 
therofere it is intended that each of the stndies hero given br 
to be drawn hcice, first, os liistinct prootioo in outline; and, 
secondl.v, another outline having been drawn, the shading may 
bo added, but on no account is the shading to be begun untQ 
tho outline can bo drawn with facility. In commencing to draw 
this moulding, which is used as a decoration for the cyma reversa, 
sot off tho widths of the leaves, and draw perpendicnlara, whioh 
will afterwards he the middle hnes for the darts or tmgues. 
Exactly in the middle of each of these spaoes draw other pv> 
pendioulars for the nudribs of the kavos. The onrvos are next 
to be drawn, being oaxefnl to balance the sides ocnnrately. 

Fig. 144 is tho Greek ornament known as i^e Sgg and Tongne. 
It is nsed as a decoration for the ovolo moulding. The method 
of oommeneing to draw Ibis is the same as'in '£e last etUnpIe, 
and thus any further instructions ate unnecessary. 
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TECHNICAL EDUCATION ON THE 
CONTINENT.—VIL 

BIT EI.UB A. DAVIDBOK, 

THfi jPAfilSB frOBEUEN’S 6CH001<S OF mTBTEXCBTJBO. 
7 t» workmea'c Bolioola of fbo kiogdom of Wurtemborg afford, 
M B ocnqplete wriea^ oa admimbla example of a great ayatem by 
wMoh ibouanda of yoang peoplo of both roxob receive inetmo- 
tioq, anoh m au^r qnaJify thorn for entering on a future ooutro 
cf tuitfal&eBK, end at the Hiuno time aseiat in developing the i 
clomentory ii^struction which they have received in the primaay ; 
uuhools. I 

These schools, admirably rrgnniacd aa they ore, fulfil, however, I 
a moral as well ns an iutolluotual mission. It is juat in thn ! 
years when f, boy loaves the iiritnary aohool and gooa to buai- ] 
ness that ho bcgiiia to fool tlio desire to throw off the trammels : 
which school diaoiplino lias during Ida early life impoaud upon | 
him. He ontora a workshop ; is associated with other yontha 
and men; ho earns money, and Icarnn to spend it; ho acquires 
habits of inanlinesa—not always such as add dignity to that 
term; and thus izitimso few years tho whole moral status of tho 
youth is decided. 

It ;a in watching over this critioul period of a boy’s life—^in 
attaching him to '^o etudius, tho elements of which ho as*a 
child acquired—in showing him tho advuntagoa and tho appli- 
oation of the rudimontary instruction he has received, that 
those schools acquire a cliarni and exercise an inllutmco over tho 
whdo future life; whilst by tho pmetioal teaching of tho “ Keal- 
sobulen” (real schools, an lulmirablu name), tiro “ Ucworbr- 
sobnlen" (trade or industrial schools), the “ Fort-bildung schu- 
len” (continued education schools), and tho “Ban-gewerko schu- 
len ” building (and the trades connooted therewith) schools, 
the Boiontifio branches of tho boy’s future employment are 
thoroughly taught, and ho enters the workshop, not n mere 
lookor>on or errand-boy, but understanding thb constructive 
principles of tiro work going on, and in some cases with a fair 
amount of manual skill. 

The original promoters of tlicse sohooh, said, “ It is, no 
doubt, a matter of groat importance tiiat in universities and 
oeademies prctessional men liavo an opportunity of acquiring 
every kind of scientific instruction ” (would that this could be 
said of England); ” but a task has in these days become one 
of urgent necessity—namely, that of providing for the rising 
generation of tho working and trading classos, not only the 
elementary knowledge offered in primary sohools, but also 
that amount of technical and scientific instruction which 
tradesmen now require, in ounsoquonoe of the increased oompo- 
tition amongst themselves and between tradesmen and manu- 
faeturers, as also in coiisoquonco of tho improving tasto of the 
pabUo, and the groat improvement made in all the different 
branohes of indnstry.” 

'The claims of the present ago in regard to education have 
been woll understood in Wnrtomburg. As far back os 1818 a 
step was mode in tho direction indicated, by introducing into 
the Sunday-schools already established in the larger towns, 
for youths who had loft the priniaiy schools, special cls-ssos for 
drawing for apprentices. It is needless to say that such a stox) 
is not one advocated in these papers. 

Afterwanls, however, irrcparations were made by tho Board of 
Education for extending the princiitlo to a greater number of 
schools. But it v.-as in 1818 tliat ths actual organisation of tho 
“ working men’s schools,” as they nro at present, was carried 
out, when the newly-creatcd Board of Trotlo and Industry was 
charged also with the care of }>roviding good instruction for the 
yout^ engaged in workshops and trade generally. 

To effect the latter purpose, a s{>ecial oomimesion, oqmi>oBed 
of members of the abovj^numod body, wu appointed. Kiie 
commiseion, etanding in direct communication with a:id in sub- 
OTdiaBtiott to the Minietry for Cvlunationa] matters, could not, 
however, tom to any ena^ments which wotdd have empowered 
them to <»der parisAos to establish the sohimls required; and it 
wu thus only by way of recommendation, and by treating with 
.eaudi of the parishes whioh had shown an interest for the eiA- 
ieot in qaestion, tiiat they could hope to succeed, ’they wore, 
horraver, much aided in tintir efforts by the oiroamstaxm that 
pfKnniary aneana were BbcraBy granted by the State, in the fomiL 
of mbeldieB, to snah eciluxihi oa Imd boon OTganisod in oon- 
formily witii the oonditious fixed by the oommission, the sums 


granted in this way amounting in general to half the yearly 
expenditure made by the xmrishes thomselvea for the support <ff 
tho said sohools, thus assisting but not superseding local effort. 

TLo conditions chiefly ineisted upon by the oommiaeion in the 
organisation of the schools were, in the first place, tho volnn* 
tary principle with respect to the frequenting of the sohools, 
and the demand that fees should bo paid by the seholars— a 
demand whioh, however small tho fee might bo, was considered 
of importance with regard to iho woll-known foot, that what is 
paid for is moro appreciated than that whioh is given gra¬ 
tuitously. Thanks to tho enlightenment of the Government and 
tho ready assent given by tho Chambers, tho pecuniary means 
Xdacofi at tho «liBpo.sal of the commission wero. soon increased, 
and through tho additional aid afforded by a largo collection of 
odncational works and appliances, mointo^od out of tho funds 
of tho Iloyal Board of Trade and Commerce, tho commissioners 
had the satisfaction of seeing their efforts urowned with mnoh 
success. 

The princixial task of the commissioners is to tako measnres 
thatsuitublo localities, and all tho necessary means of education, 
such .as good books, models, diagT.anis, etc., are provided for tho 
schools; to cuutix>l tho appointment of the managing boards 
I and insizectors, as well as tho training ui> of good teachers of 
i drawing, oto. 

j Tho oouimissioii did not, however, think it advisable to op- 
I ganiso all the .schools after a uniform .system, fueling that regard 
i must bo hod to tho diUbrent oircumstances of each locality; and 
I ihereforo the gisnorol xilaus of sutuu of tho leading sohools will 
. be given iu those paiiers, in order that tho diversities may bo 
I rendered clear te the reader. 

j Tho 13.1 schools now in existence in Wurtombnrg (of whioh 
I a statistical notice will he given fnrtlior on) prraiont, of course, 

' various degrees of dovolopmcut, tho studies being adapted to 
tho reqniromoiits of tho locality. In many of tho smollor 
tuwus and villages tho instruction is confined to orithmotie oa 
adaxjtod for trade x)urpoao«, coTnnioroial correspondonoe, oompo- 
sition, and drawing; this last subject, however, is in every case 
divided into geometrical, froc-luind, and trade drawing, adapted 
to tho wants of tho district. Thus in Stuttgaj’d tho branches of 
drawing taught are espoeially those adapted for tho work of 
builders, carpenters, locksmiths, saddlers, etc. Of course, tho 
progress made by xmxnls must in a great measure doxmnd ni>on 
the amount of olomoutary knowledge they have acquired in tho 
primary schools, the purxiose of these schools being supplemen¬ 
tary, not rudimentary. 

The schools are o|Mm to persons etf all creeds withont distmo- 
tion, and tho Oovommoni insist that they shall be established 
in every town or villago, however small, whore trade of any kind 
is oarried on, But tho attendance of the pupils is not compul¬ 
sory ; on the contrary, only such as can produce testimonials of 
good conduct and industry aro admitted, and indolent, irregular, 
and badly-conducted pupils, since they necessarily impe^ the 
progrosB of others and sot a bod example, are dismissed. 

Tho examples nsod in tlzo drawing-schools are of a large size, 
and are of an eminently practical character, adapted for almost 
uvory braiicli of construction and decorative industiy. 

The piujtical work done in these sohools is, considering that 
it is oxecutod by youths, truly satisfactory. It consists of 
models of machinery, buildings, and roofs, sciontifie apiiaratas, 
fm-nituro, oto. In the art schools, excellent drawing from the' 
flat and round is carried on, together with modelling in wax 
and clay ; casting figure and ornament in plaster; metal work, 
chased and hammered; carving iu wood, etc. etc. The whole 
system, carried out under able and experienced teachers, shows 
to tho utmost advantage tho practical application of toohnioal 
education. 

THE COMHEBOIAIi TBADB SCHOOLS. 

'iliese aro designed to enable young persons of either sex to 
obtain those branches of theoretioal and pmetioal education 
which may be required iu their trade, oooupation, or domestio 
managomont. 

Those entering as impfis nmst have completed th^' foot- 
toonth year, and the nuilm, must previously hare hod some 
praotioe in mannol work. 

The iu8truCi|on in f^Trkde Sohoob is given in the bbtoe 
after olcM <ff bnBut»s,>lQfifor tba speoial aoodmmodation of 
workmen whose t^des ore only oorrieu on in fine weather—as 
hrioUayen, painty slatera, ete.—day-olaasea azo eatabliabad, 
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so that an opportunity is afforded for thoro to improye their 
edooation without losing wages; and they are enoouraged to 
oome to the schools when not employed in their work, instead 
pf lounging about in tho numnox so often and so painfully seen 
in tills oonniay. 

lie oourse of study in these schools comprehends geometri¬ 
cal and free-hand drawing; practical art a<loptod for special 
bianohes of industry; arithmetic; elementary geometry; trigo¬ 
nometry and algebra; stcroomotiy; oommoroial and ti-nde ao- 
fiounts; composition and oorrospondoBCei book-koopingj French, 
English, and Italian languages j elementary chemistry and 
physies; natural history; physiology applied to health ; sani¬ 
tary knowledge; domestic aooounts and houaebold management, 
the whole of the stndies having roferonoe to tho present and 
future ooonpation of tho loatnor, according to various necessary 
rules and regulations which will bo given in oonnootion with tho 
individual sohools. 

The Pariah Workmen’s Sohools of Wurtombnrg may bo 
divided into four classes, viz.:— 

1. Commercial schools ; in whi(!h the instruction offorded is 
intended ohioiiy for tho bonoht of merchants, bankers’ olorks, and 
others engaged in trading and eommeroial pursuits of all kinds. 

2. Trade schools ; in which tho teaching ofluvded is adapted 
for artisans generally. 

S. School of practical art; for omamentists, designers, art- 
workmon, and teachers. 

4. Female school; to give instruction to girls ond young 
women in domestic economy and hnu'^ehold uianugomenl -u 
clescription of school miicli ro(iuired in this country, arti.sans’ 
wives, as a rule, not ptisscHsing much sound knowledge in those 
matters. 

Students above tho ago of sixteen have tho pyivilega of elect¬ 
ing from amongst themselves a “ captain,” who in nil matters 
roprosonts the class. He acts as deputy before tho arrival or 
in tho absence of tho teacher, whom he also anpjKirts and 
assists when present. These monitors aro olioson from the 
Upper School, and must bo above tho age of oighUM;ii. Tho 
students must, however, consult the toachor as to whether ho 
wishes such assistance or not. 

In order to test tho progress and to reward tho poi-Bovcnin (!0 
and industry of tho students, periodical ozhibitiuiis aro held, 
when oertificaloa, prizes, and other rewards aro awarded, which 
are highly valued by tho recipients, and prove a considerable 
stimulus to ozortion and honourable competition among the 
members of the various classes. 

Although arohiteeturo and engineering, and tho ooni'scs of 
study they require, have been iirineipally mentioned, it must bo 
understood that tho toobnie;U instrnotion takes tho widest range, 
inolnding all the praotical arts, and embracing tho whole range 
of manihbeturcB; this will, perhaps, account for the repeated 
reference to tho union of soionoo and art. In carrying ont lliis 
sobemo tho assiatanco of skilled workmen is obtained; and, 
farther, persona, whether male or female, professing and cariying 
on various trades, am invited, not only to visit, the school and 
advise, bnt also to attend at regular and special hours. Tiny 
ate than entitled, should they require remuneration, to receive 
payment from tho State according to a fixed tariff. By this 
means sot only aro the advantagos of oxperiono;i obtained, but 
the sympaf% of the class who aro employers of ski’Jcd hibunr 
is oultivatod. 

In tiiis regard wo should not bo wanting in tins country. 
The noble example sot by Sir Joseph Whitworth in tin- fur¬ 
therance of technical education, and Uio muniiieont amnunts he 
has devoted to it; the active measures taken by tho late H u bert 
Minton is tho promotion of cdueation amongst' his employes, 
and the liberality with wMuh our leading mauafaoturors cuu- 
^bnte Sot only money but practical aid in tho snppoit of any 
institution for tho benefit of oar working men, prove thai if they 
show themselves desirous for a proper and extended system of 
eduoation for themselves and their ohildron, they will find plenty 
«f o^op^tion. Thus this groat country, so universally quoted 
for its liberaHiy of sontiment, will at no veiy distant period 
make snob strips in the training of her workman os will enable 
her, by the united efforts of her own sons, to .hold her own 
against the whole wjnld; and tbns as tho moroiful Creator allows 
his light to shine as hrightiy into the pitman’s hovel os into the 
noUmiaa's mansion, work will prosper to the glory of His 
flame and the honour of oos native land. 


ANIMAL COMMERCIAL PRODUCTS.--IX. 

‘ PEODUCTd OP THE CLASS AYES. 

Birds aro warm-blo^edT^v^^'^^^^^ obaractosked by 

a doable circulation and respiration, the adaptation cf their 
anterior extremities for flight, oviparous reproduction, and a 
oovefing of feathers. The following olaaziftcation, founded on 
certain modifications in the etraeturo of the beak and foot, is 
that which is generally adopted by naturalists ;— 

1 . liapioraa (I.iatin, raptor, a robber), or birds of prey, having 
a Etrohgi'hfirved, sharp-pointed beak, short robust logs, and a 
foot furnished with thruo toes before and one behind, which 
are armed witli long, strong, crooked, and more or less retraotilo 
talons, adapted to seize and lacerate a living prey. Examples -. 
eagle, hawk, and vnlluro. 

2. Jnsemores (lj.atiu, insideo, I sit on), or perching birds, 
having three toes before and one behind, slender and flexible, 
with claws, long, pointed, and slightly onrved ; a foot, in fact, 
organised and adapted for the delicate operations of nest-build- 
ing, grasping the slender bronchos of trees, and perohing on 
tbora. Examples: sparrow, robin, and crow. 

3. Scansoros (Latin, scanJo, I climb), or climbing birds, with 
tho four toi!.s arranged in pairs, two before and two bohind— 
a^’onformation of tho foot most suitable for climbing trees. 
Examples : woodpecker, cuckoo, and parrot. 

4. ilolumhidm (Latin, coluiitba, a pigeon), iueluding pigeons 
and doves. 

5. Jiasores ILatiii, radn, I scratcb), or soratobing birds, 
liaving thine toes beforu and one behind, strong, straight, and 
termiiiatod by robust, obtuse claws, adapted for scratching up 
the soil. Examples; turkey, iiheasont, partridge, and tho 
common barn-door fowl. 

G. Ciuwres,(Latin, curro, 1 run), or running birds, with wings 
unfittSS for flight, auil foot formed for running swiftly over the 
ground, with two and soiuetimos three toes in front, and nono 
bohind, except in tho apteryx. Examples: osirioh and casso¬ 
wary. 

7. GraUatorcs (Latin, grallaior, a stitikor), wading birds with 
long Vugs, the three anterior toes long and slender, and the 
posterior too elevated and short—a form of foot and leg which 
enables the bird to seek its food in water along the margins of 
rivers, lakes, and seas. Examples : crane, heron, sandpiper. 

8 . Nataiorcs (Latin, naialor, a swimmer), swimming birds, 
including those which hare tho toes united by on intervening 
membrane. Tho body is protected by a dense oovoring of 
feathers, and a thick down next the skin; tho whole organisa¬ 
tion is adapted for aquatic life. Examplesduck, swan, and 
goose. 

Tho prodnots of tho cLms Avos consist of 
rooD. 

All 1110.10 orders of birds, with the oxeeption of tho first, afford 
flesh which may be eateti. The eggs of many of them aio very' 
nutritious, e.speoially those of the Bosurinl birds: 397,934,520' 
were imported from Franco in 1807. In one case, oven the 
nest i.s available os food—namely, tho Chinese edible birds' 
nests, constructed by a .Tavanosc swoUew, Tho coUeoting of 
thesu nests employs numbers of people, ns thoy are lorgely 
exported to China from Java, Ceylon, and New Guinea. It is 
calculated that 30,000 tons of sliipiiing are ongogod in this 
tra!fic, and that tho value of their freights is above JS280,000. 
But tho chief oommerciul value of birds lies in their feathers. 

rUATHEIW. 

A feather consists of threo parbi—the qnill, the shaft, and tho 
vane. 'The quill is that part of tho feather by winch it is ,at- 
'tiched to the skin; it is cylindrical, LoUow, and semi-trans- 
paron^, poasossiug in an eminent degree tho qualities of light¬ 
ness and stroiiglh. Tho shaft is covered by an outer layer of 
firm, homy material, like that which forms tho quill, and en¬ 
closes a Soft elasi.io substance called the pith. The vane oon- 
sista of barbs and barbules. The barbs are attached to the tddes 
of tho shaft, the barbules are given off from either side of the 
barb, and when long and loose thoy oharacterise the form of 
featiior known as a “ plume ”— e.g., that of thelosirioh, whioh, 
commerolally oonsidored, k the most valuable of feathers.' 
The development of feathers is always preceded 1^ that of 
down, whidi oonstitntes tho first covering of sronng birds. 
Their oolonrs are due to peculiar organie pigments, whioh msyr 
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bo separated by appropriate solvents. The boantifol play of 
colours shown by some feathers is referable to a decomposition 
of light, analogous to that produced by moihorK>f>pearl, and 
sthorsitriatod sorfacos. 

The preparation of feathers for military decoration, or for the 
toilette, forms the art of the plumaasier, the French term for 
the artisan who works on tfiem. Feathers may be dyad a 
variety of beautiful oolouts, and of these, rose-oolour or pink is 
given by safflower and lemon-jnioe, and deep red by a bath of 
Brazil wood boiling hot, after aluming; indigo supplies the 
blues of every shade, and turmerio the yellows, alum being the 
usual mordant. 

Orncmenial Feathers .—^The most valuable and esteemed 
ornOISiSntilttea.'tEm are, unquestionably, those of 

Tile Ostrich (Slruthio eamelus ).—^Tho elegance of these 
feauiers arises from their slender stems and disunited barbs. 
Those taken from the living or from recently killed birds arc 
far more beautiful than the oast or dropped ones. The feathers 
from the back and above the wings are the best; next, those of 
the wings and tail. Ostrich feathers dyed black—for which 
purt>oee logwood, copperas, and acetate of iron are used—arc 
sold to undertakers as mourning plumes; a full sot is worth 
from ^200 to jB 300. Ostrich fearers are scoured with soap, 
and then bleached. Fine white ones are worth from seveA to 
eight guineas a pound. The finest white feathers of this bird, 
which is indigenous to Northern and Central AMoa and Arabia, 
come from Aleppo in Syria. Good ostrich feathers ore also 
recffived from Algiers, Tunis, Alexandria, and Cairo, and in¬ 
ferior ones from Senegal and the island of Madagascar. 

The f4iUle Egrti (Herodias leuce) is found in all the 
countrios on the Mediterranean coast, and in Asia as for as 
the East Indies; an allied species, H. cegretta, is a native of 
tropical America. The feathers of both species are of the 
purest white, very delicately formed, six or eight inches in 
length, with slender shafts. The Turks and Forsions embellish 
their turbans with them, and they form plumes for ladies’ hoad- 
droBsos in this country and on the Continent. 

The Great White Reran {Ardea alba) inhabits the shores of 
the Caspian, the Black Sea, and lakes of Tartary, and is also 
found in America and Africa The largest and most expensive 
white heron feathers are furnished by the plumage of this 
bird. 

Common Heron (Ardea einerea ).—The black heron feathers 
ore'sUpplied by this species, which is found throughout Europe, 
but especially in Prussia, Poland, and Bussia. Wo receive the 
greatest quantity from Biberia. 

Adjutant (LeptoptUis Argdla), and a kindred spooios (L. 
Mardbou), famish the exquisitely fine and flowing plumes 
termed “ Marabou feathers." Tho former Bpocic.s is the weU- 
known scaveugor bird of India, its name being derived from its 
habit of frequenting the parade-grounds; tho latter is a native 
of Africa. 

It is impossible to enumerate all tho birds whose beautiful 
' plumage supplies us with ornamental feathers. Tho feathers 
. of tho Bird of Faradiso, tho gold and silver pheasants, tho 
■ peacock, the several species of Ibises, the flamingo, tho bcau- 
; tiful wing and tail feathers of tho Argus pheasant, and the 
■; wing of tho partridge and ptarmigan are all worn in children's 
; and ladies’ bats. Conks’ feathers furnish ])lumc8 for soldiers ; 

. eagles’ feathers are worn in tho hat and bonnet in Scotland, 
i and a plume of them is a mark of distinction amongst the Zulus 
’ in Soi^ Africa. Tho wing and side feathers of the turkey 
; supply trimmings for articles of ladies’ apparel, and are mode 
I Into ‘riotorinos, boos, and muffs. 

Artificial fiowera made from feathers arc now much worn by 
ladies. The feathers soleotod for their manufaetdre ore chiefly 
those of a purple, copper, or crimson colour, from the breasts 
and heads of humming-bir^. 

Feathers are also worn as ariiolts of clothing. Tho skin of 
tho swan, after being properly prepared, is used for mnffs, 
linings, and a variety of other aiticlos of dross; tho skin and 
fealkeri of the penguin, pnfbi, and grebe (Fodicqis eristatus) 
are worn as clothing on aooonnt of their bcauiy and warmth, 
supplying suitable material for viotorines, tippets, boas, cuffs. 
Mod muffs, and other articles of winter attire. The native in- 
hahitante of tho Arotio regions, in some parts, mMco themselves 
' ooets oi bird-skins, which are worn with the feathers inside. 
V Ooafaons, the Chinese philosopbsr, writes, that ere the ert of 


.weaving silk and hemp was understood, mankind used to oloiha 
[themselves with the skins of beasts and with feathers; and 
I it is very oertain that tho Chinoso are now very skilful and in- 
|gomou8 in tho art of plnmagory or feathor-working. They 
Imanufocturo garlands, chaplets, frontak, tiaras, and crowns of 
.' very thin copper, on which purple and blue feathers are placed 
(with much tMte and skill. 


PEOJECTION.—IX. 

FENETBATIONS OF BOblDS (eontiniisd}. 

Fia. 105 is the plan and elevation of a square jnrism, penetrated 
at its edges by a smaller prism, their axes being at right angles 
to each other. Having drawn tho square a B o n—^tho plan of 
tho larger prism—draw tho lino e f through the centre, and 
make it eqnol to tho required length of tho smalleT prism. At 
F draw J K, and at e draw a H, equal to tho diagonal. On a h 
construct half the square of tho end—viz., produoo F b until b i 
equals bh, and join ih and la. DrawHJ and ax. These 
will complete the plan of the smaller prism, which will penetrate 
the sides of the plan of the larger prism in n h n o. Project 
tho elevation o A d of tho larger prism from the plan, and draw 
a' X' at right angles to the axis. On ouch side of a k set off tho 
length BI—viz., points E, E; F, F. Draw perpendiculars from 
L and u, cutting a' x' in l' m'. Join ol'c, d h' b, which will 
bo the lines marking tho intorsoctions of tho two prisms. 

Fig. 100 shows tho projection of this object when the oxia of 
tho smaller prism hs at an angle to the vertical piano. 

Fig. 107 is tho development of tho longer prism, showing the 
shape of ike openings through whiuh tho smaller prism is to 
pass. On a straight line sot off four times the width of tho 
side of the plan roprosouted by A D t) c A. Erect perpendiculars 
from these pomts equal to tho height of tho prism, and draw a 
horizontal line at their extremities. Frndneo bf, o'x', and 
E F, to out line c in F q B, and line d in f' q' b'. On each side 
of Q sot off q s and q t, equal to c l in tiio plan, and sot off tho 
same measurement—^viz., q' s' and Q‘ r —on each side of q'. Join 
P s B T, and also f' s' b't*, and two lozenge-shaped figures will 
bo formed. It will bo observed that those are wider across 
tlum the prism which is to pass tlirongh tho aperture, but it 
must bo remembered that the two sides of the larger prism are 
bout at right angles to each other, and thus, when tho perpon- 
dioulars a and n are brought togethor, s and t approach each 
other until the distanoo between them is equal to h K in tho 
plan, which, it will be seen, corresponds with the diagonal of 
tiio end of the smaller prism. 

Pig. 108 is tho development of one of tho projecting ends of 
the smaller prism. Hero the widtlis are token from a i in tho 
plan of tho smaUor prism (Fig. 105),'and tho heights from 
D F, J o, M K. 

PBAN AND BLGVATION OF A CTLINDBB FENETBATBD BT A 

smaldeb one. 

The circle in tho lower plane (Fig. 109) represents the plan 
of the larger, and the ])arallelogram D d' s' b tliat of the smMlor 
cylinder. From this figure project tho more cross which forms 
the elevation. No explanation of this process is deemed neces¬ 
sary, tho object of the lesson being to find tlio curve generated 
at the points whore the penetration takes plooo. Tho stndent 
is hero reminded that, as tho plan is tho view of the object when 
looking down upon it, tho line c A b c', which is tho top Uno of 
tho smaller oylindcr in the elevation, is the middle line in tho 
plan; and thus tho line D B, whioh is the front or most promi¬ 
nent line of tho cylinder in the plan, is represented by D x, tho 
middle lino in tho elevation. 

From c' in tho plan, with radius c' B, describe a semioirclo, 
which represents half of tho plane of tho end of the cylinder. 
This plane, although laid down flat, is supposed to stand up¬ 
right on the lino B e' at right angles to tho plan. Divide the 
semioirclo into any number of equal parts, and from these 
divisions draw’ lines meeting b e' at right angles in f and a. 
Sot off the lengths-of these perpendiculars on each side of tho 
lino D X in tho elevation—^viz., f f and a o, and draw lines 
from these points across tho whole length of the elevation of 
tho smaller cyhuder. DratV similar lines parallel to o o' from 
the oorrespmgiding points in the plan—viz., F F*, O o', which 
Unes will be seen to pass, not only through the smaller, but 
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«Uio through the larger i^linder, reprenanting ai they do 
planes oonunon to bo& the solids. From the points A and s, 
/p e, draw pcrpesdicalara to moot the horizontals drawn Itom 
the points similarly lettered in the elevation, and the inter* 
sections «,//, g g will give the points through which the curves 
of the penetrations are to bo drawn.* 

Fig, 110 shows the projection of the objects when tho plan 
has been rotated, so that tho axis of tho smaller cylinder is at 
on angle to the vertical piano. Tho lettering is omitted, but as 
all tho lines of oonstmction ore shown, it is hoped that tho 
student will ho ablo to project the object with the aid of tho 
instructions hero given. It has repeatedly boon shoivn that 
when an object is simply rotated on its axis, or on a solid anglo, 
without altering tho inclination, tlio heights of tho various 
points will remain tho same. This fact may be observed in a 
orano. When tho weight has been raised as high as may bo 
imuired, tho crene is rotated, but the height of the top and 
of tho weight will bo exactly tho same in which direction soever 
tho orano may bo turned, and thus the piece of ground over¬ 
hung by tho crane and weight will remain the same in form 
thoTigh altered in position. If, therefore, the plan and elevation 
given in Fig. 109 has boon prepared, it will only bo nooessary 
io repeat the plan, placing the axis of tho smaller cylinder at tho 
required anglo; thon poipendiculars raised from tho varicgis 
points in tho plan may bo intersected by horizontaJs drawn from 
the corresponding points in tho elevation, and tho intersections 
thus obtained will give tho points required for tho pro¬ 
jection. 

But, in praoticp, the whole of the objoot shown in Fig. 110 
might bo prtqootod without referring to tho provions ono, and 
it is important that the student should understand this, as 
otherwise time would bo lost. To jirojcct tho object when at 
any angle, therefore, prope<;d in tho following manner :—Draw 
tho olrolo which reprosonts tho plan of tho larger cylinder. Draw 
a lino tlirongh tho oontro of this, making an anrlo with tho 
intersocting lino corresponding to tho angle which the axis of tlio 
smaller cylinder is to mnko with tho vertioal plane. On tliis 
line sot off, on each sido of the centre, half tho length of tho 
smollor cylinder, and at those points draw lines at right anglos to 
tho lino of tho axis. ITio plan of tho object will tlion bo com¬ 
plete, and wo proceed to project tho elevation from it. Draw a 
fine or dotted lino through the centre parallel to tho vertical 
plane, and from tho oxtromiiios of this diameter carry up tho 
porpendioulors which are to form tho edges of tho elevation of 
tlio larger oylindor. Now it must be borno in mind that theso 
are not the points from vihich the elevatum of the cylinder would 
he projected if the aids of the smaller one were parallel to the ver¬ 
tical plane. In that case tho perpendiculars would be raised 
from tho points wboro tho axis of the smaller cylinder cuts the 
cironmferonoo of tho plan of tho larger one; but if this wore 
done in the present position of tho plan, the elevation would bo 
norroifcr than tho cylinder. All vortical sections of a oylindor 
are parallelograms, and all thoso which pass through the oontro 
are equal. Still, roforenoo to Fig. 8 (page D) will remind tho 
student that tho real size of a piano is only obtained in tho ele¬ 
vation wheu it is parallel to the vertical plane; and it will bo 
scon that tho elevation of tho piano, of which tlio diameter cf tho 
plan, which is at an angle ivith the vortical piano, is tho olova- 
tioa, would notthoroforo bo tho projpotion of tlio largest sootion, 
and would not roprosont the tmo width any more than tho eleva¬ 
tion of tho open door in Fig. 11 (pago S-f) represents its real width, 
and it thns becomes nocossary to draw the dotted lino referred 
to, BO that tho elevation may represent tho greatest width of 
ttie oylindor. Now draw another diamotor in the plan at right 
angles to the axis of tho smaller oylindor, and the extremities 
of this line will be tbo front and baok lines of tho larger cylinder, 
which, if the axis of tho smaller ono were parallel to the verti¬ 
cal plane, would he the ooatre of tho elevation; but as it hoe of 
oonrse rotated with the object,' it is cmitral no longer, but its 
relation to Ute heights remains tho same, however the larger 
cylinder may be turned on its axis. 

On this porpendioular, therefore, sot off from tho intersecting 
Itoe tho real height, and draw the horizontal line, which repre¬ 
sents the top of Ihe eylinder. 

Mark on the potpendiotuat, too, the height at which tho axis 

* Ths points e, c, r an not used in this piq{e«tlon, but will be sab- 
wensotly referied to. 


of the snuUor oylindec interaeots that of the laxger, and draw a 
horizontal through the point. 

Eetuming now tp the plan, the prextsmtion for the projeotaon 
of the cu-calzr end of the smaller cylinder, as shown in Fig. 77, is 
neooasary. On the line which forms the end in the plan draw 
a semicircle, and divide it into any number of equal parts. 
Through those points of division draw lines parallel to ihe axis 
of tho smaller oylindor, which will bo seen to pass through the 
plan of the larger one, and the intorseettons will be the plans 
of pointo “ common to both ” cylinders. 

Now, from the points where those linos moot the straight 
lino, which is the plan of tho end of the BmoUer-cylinder (on 
which tho semicircle bus been drawn), raise pcrpendionlars 
passing through the horizontal lino which has been drawn 
across tho olovation, and abovo and below tliis horizontal sot 
oH on tho porpondiculars tho lengths of the lines drawn from 
ihe points in the plan from which they started to the semicirele. 
Join tho points thus obtained, and tlio projeotion of tho end 
will bo obtained. From each of the points through which tho 
cUipSQ has been drawn now draw horizontal lines, and raisu 
perpendiculars from tho points in tho opposite end of tlie plan; 
tho curvo of tho end of the smaller cylinder which is turned 
away most then bo traced tlirongh these points, and it will be 
observed tliat, as only one sido of tho ellipse could rcidly be 
seen in this tiusition of tbo object, tlie other half is drawn in 
dots. It now remains to find tho shape of tho curvo of penetra¬ 
tion—^that is, tho oiirvo gonerated whero tho smaller cylin¬ 
der ponutratos tlio larger, and tliis will be acoomplished by 
finding tbo elovatipns of tho points which in tho plan wore 
spoken of os “ ooramoii to both ” cylinders. From theso points 
—tliat is, from tho points where the Unea drawn parallel to the 
axis of tho sniallor cylinder cut tho circle, which is the plan ci 
tho larger ono—erect perpendiculars cutting tho horizontal lines 
in tho elevation, which are in fact tho olovations of the linos in 
tho plan. Tho curves must thon bo traced through tho inter- 
Bcctinns of those two sots of lisos. Tlio perpendiculars must be 
drawn not only from tho points on tho front of the plan, but 
from theso on tho Imck part, and those cutting tho horizontals 
will give tho points through which tho curvo on tho other side 
of tho cj'lindur is to bo drawn. 

Tlio reason why tho porpendioulors at tho back are to cut tho 
samo horlzontalB as those in the front, is that already pointed 
out—viz., that a point is not altered in height when tho objoct 
on which it exists rotates on its axis in tho manner shown in 
tho diagram. 

APPLIED MECHANICS.—IV 

BY UOCKRT 8TAWBI.I. BAM., U.A., 

Professor of Applied mathematics. Royal Colli'sw of Science, Dohlin. 

THR CRAKE. 

INTBODUC'TOEY—TDK FRAMEWOnK—THE WHBELWOEK. 

In the various operations connected with mauufocturos, and 
with tho transport of goods from ono plaoo to another, it 
frequently becomes nocossary to raieo weights and carry thorn 
about. Whon the weights ore largo, ntnonnting ns thoy often 
do to many tons, special moclionical appliances have to be used. 
It is our intention in this luesou io examine into some of the 
maebiues used fur this purpose. 

In nnloading a ship at the quay-side, some heavy weight— 
sncii, for example, as a block of marble weighing ten tons— 
must first of all be lifted from tho hold. It must then bo, 
carried from the ship to tho quay, and there be dopositod in 
safety. Tho machino which is able to ocoomplish this must 
have three ^tinot properties. In tho first place, it must bo a 
Bufiiaicut mcohaniool power to ovoroomo the resistanoo. In the 
next plaoe, it must bo BafDclently strong to sustain the load 
suspended from it; and in tho third place, it mnst be capable 
of moving tho block, whon snspeudod, from tho ship to tiio 
quay. Those throe roqnisitos are vei’y beautifully combined 
in tho useful maohine known as the lifting crane. TVIth its 
powerful aid three men would bo easily able, at tho cost of a 
littlo time, to unload tho blook of marble, even though it weighed 
ten tons. Wo shall oonsider tho several parts of a crane sepa^ 
ratoly, and show bow each is adapted for tho work it has to 
porform; wo shall then desoribo some forms of crane wHoh 
ore used for voriono purposes in the arts of constamotion. 
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THE FKAHBWOBE. 

Tho form of orane which ia moat familiarly Iciiown is that 
which ia aometimea called tho jib-crane. It ia in reality a 
truenglo, one aide of which ia hold vertically, while tho load ia 
anapended from tho oppoaito vertex. Tho framework of thia 
crane—^with whidi alone wo oro at present engaged—ia ropre- 
aented in Fig. 1 in a diagrammatio manner. A'S c ia a trianglo 
of which the aide a h ia hold constantly vortical, while tho load 
ia Boapended from tho vortex c. 

Wo ahall first endeavour to aacortain tho nature and amount 
of the atraina (dong tho different porta of this atructuro. A 
knowledge of those atraina ia quite essential to a oomplcto 
nnderatanding of any machine. By thia inquiry the proportions 

of tho different porta can bo pro¬ 
perly adjusted, so that failure 
of strength on the one hand, 
or, whot ia also very undo- 
aimblo, extravagant waste of 
material on tho otlier, may bo 
equally avoided. 

In Fig. 1, w ia tho position of 
the Euspended weight. If I take 
a length, c o, which is propor- 
tiniial to tlio magnitude of w,and 
place an uirow to indicate tho 
direction of tho force, tho lino 
CO represents tho force, as explained in tho first lesson in 
“ Moo^nica" (Poi’ULAB Fdocator, Vcl. I., page 17). Now 
tliis force c o must be supported by n c and a c, and thoreforo 
there must bo certain strains acting down tllcso lines. In order 
to find them, draw o r parallel to B c, and o q parallel to A c. 
TTion by Iicsson III. {“ Mcclmuics”) the force oo can bo docom- 
poaod into two fdrees, o P and o g. The directions of tlicso 
forces are indicated by the arrows: that along c A is a force of 
compression, that along OB is a force of exteuaion. Since o c 
and o r are parallol to A b and c B, tho trianglo o O P is similar 
to tho trianglo ABC, and hciico tho forces oc,'cp, and eg 
are proportional to tho sides of the trianglo a b c. If, thoreforo, 
the load ho represented by a b, tho atraina along B c and A c are 
represented by their lengths. 

Tho line b c ia in a state of tension ; that is, tho force ia 
tending to tear it aamider. Now a force of thia kind is culled 
in mechanics a “tic,” and the amount of the force which ia 
straining is called its tension. On the acolo of the figure tlie 
lino B C ia donblo A b, and honco tho tension of b c must bo 
double the load. If, then, tho crane were employed in raising 
a load of ton tons, tho tension along n c would bo twenty tons, 
and tho tie mast therefore be strong enough to boar this amount. 
Bnt in constmetions of this kind it is not sufficient that a xiioco 
bo just sufficiently strong to bear the strain it has to carry: wo 
must always allow a very considerable margin. Tliis ia especially 
true in a machine like a crane, which ia subject to countless 
jorka and ehocks, which for a moment place a far grealcr atroin 
upon its parts than would ho produced by tho mere load it sup¬ 
ports. In tho lovrering of heavy weights this ia especially 
the cose, for sometimes slight slips cccnr in tho links of tho 
chain, or tlio load has to bo stopped suddenly in its descent. 
Hence wo nro accustomed in mocbauical construction to intro¬ 
duce what is called tho “ factor of safety.” Thus, in tho present 
cose, instead of making tho tie just strong enough to boar tlio 
utmost load tho crano is intended to raise, we make it ten times 
as strong; the factor of safety is then said to bo 10. In a 
crano the factor of safety should not bo loss than 10. It is 
sometimes even more than this ; but in other machines which 
are not exposed to tho rough usage to which cranes arc liable, 
the factor need not be so large. 

Wrought iron, from ita great tenacity, is admirably adapted 
for making the tics of ernnos. A rod of iron one square inch 
in seetion will require a force of nearly twenty tons to tear it 
■umnder. Hence wo must malca a crone en tho prcqoortion of 
Fig. 1 with a wrought-iron tie tun square inches in section, 
08 it will then be able to withstand any strain less than 200 
tons—that is, it will be ton times as strong as would bo absolutely 
required for Ike bare pnrposo of suatditiing tho weight. In every 
case the tie, if made of wrought iron, should have a total section 
in no place leas than half an inch for each ton of strain. 

1^0 jib A 0 has to withstand a thrust. In fact, it is » pQlar, 
and the component of the load which it snpperts is tending to 
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emsh it. It must therefore be made of materialB vyhiah an 
(mpablo of resisting a crushing force. In ordinary dranea it 
is very often mode of a piece of timber, which is %ery well 
sdaptod for roaisting a crushing forco. A bar of wrought iron, 
such CIS would mako an admirable tie, would bo quite anequol 
to withstand the ernshing without being of great size and cost. 
SomotimeB both jib and tie are oast in one piece of oast iron. 
This arrangement answers wall for crones which are need for 
raising a few tons, but would 
bo quite unfit for tho largest 
cranes, on account of tho 
tnossivenoss which wonld bo 
neoosKory to give aufficiont 
strength. By far the best 
arrangement for tho jib of a 
largo crano is a girder of 
riveted wrou^it iron j for by 
means of this arrangement 
tho material is so disposed as 

to prosoiit a largo amount of resistance to a foroe of omsihing. 

Tho form which a wronght-iron jib may have will bo under* 
stood from tho section shown in Fig. 2. A B, o D are iron plates, 
which are riveted together in lengths. A good plan of fastening 
those plates together ia shown in Fig. 3, where the plates overlap, 
a^d are riveted together, tho object of the nnrangement being 
to have tho united pieces just as strong at the joint ae else¬ 
where. IVo plates tho whole length of tho jib aro thus pre¬ 
pared, and they are shown in sootion in A B, e d of Fig. 2. Now 
these plates boing thin in proportion to their length, would not 
be stiff unless secured together. They nro perhaps one inch 
thick by about ton inches wide, and as they may bo fifteen feet 
long, they are in reality only strips or ribbons. Tliey are then 
bound together by plates of iron, of which the section is shown 
at F g. These plates of iron aro attached to tho plates at right 
angles by means of what aro called angle-irons, shown at B 
and H. These angle-irons are riveted to both, and so the 

wholo is bound into one . 

piece. The process of rivet¬ 
ing is admirably adapted for 
this purpose, as the rivet in 
cooling exerts a tremendous 
forco in drawing tho pieces 
together. 

A jib made in this way is light, and at tho same time ex¬ 
tremely strong. In fact, it is lutrd to see how such a jib could 
bo crushed unless tho rivets were actually torn across; ond they 
aro mode strong enough fc) prevent this from boing likely to 
happen. Tho tiiruBt which tho jib iins to support is generally 
at least tliroo or four times as great ns the load which tho crano 
supports. Tliis is evident from the fact that tlio throe forces 
arc proportional to tho sides of tlio trianglo ABC; so that 
tlicso precautions aro not nnnooossory. 

Wo have, then, examined briefly into tho stmeturo of tho jib 
and tho tie. Wo now conin to eoiisidor tho part A b (Fig. 1) by 
which they are supported. Tho post has another imi>ortant 
duty to fulfil—it snxiplios the jiivotaliont which the qrane turns. 
Tliis is often mode of cast iron, and is firmly embedded in solid 
masonry. Tho post requires to bo very stout, as there is a 
great strain upon it tending to snap It off at A. The magni¬ 
tude of this strain may easily bo 
understood when wo remomher 
tho principle of moments, which 
has already been laid down in 
Lesson IX. in “Mechanics." 

If w bo the magnitndo of tho 
load, and A <3 (Fig. 4) ho tho 
length of the porpondinular from 
A in tho direction of w, tlion 
w X Ag ia tho moment witli 

which the weight tends to wiriicTi eff tho pest ae; bnt the- 
moment w X Ag is equivalent Ic— 
w_>:_ A Q 
■ Aii 

and hence the forco tending to Iirniik tho peso is ceuivoic- ;c 
aforoe— w x AQ 

AB 

acting at a distanoe A B. This is in goucral larfjfcr {hen. 


< 


Fig. 3. 
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Utn lappow AB sot to be firmly embedded is the gronsd, 
we nmet by sosu other mesne exert s fotoe upon it-euffioient to 
poanteroet the moment of the weight. There tse t«o difleront 
msye in which this sisy be acoompliehed. 

In a erase Bhfoh ia often need for qoanyinf and other rough 
pnrpoiee, and whioh ia eomoUmee called a guy crane, there are 
two etaye, one of whiob, bd, ia shown in Hg. 4. Theao etaya 
an attsehed at one end to the top of the post, while the other 
end is firmly aeooiod into the ground. By this meana the poet 
is supported without being itself of great strength or embedded 
very deeply. The diaadTantage of thia form ia that the crane 
tahm up a great deal of room, and also that it is only able to 
tnm round a part of an entire circle, as the jib oomee ia eon* 
taot with the stays in the crtrome. )mtions. 

Another method by wliich a crane-post oan be supported is 
by basing a oonnterpoiso on the other side, whidi oounteraots 
tlM effoot of the load. This arrangement ia porticolaTly oonve- 
sient for portable cranes, when it is impossible to secore the 
post in the ground, or even to bo able to fasten the ends of the 
stays of a gny oranc. 

A Teiyr, convenient portable crane on this principle is shown 
in Fig. 5. Hero the boiler and firoplooe of the engine which 
works the orone project behind, and their weight acts os a 
n(inntori)oiBO to whatever load may be suspended from thp 
hook w. 

This crane is adapted to run upon a tramway, and is thus 
Tory convenient in ail opciationa 
connected with the transport of 
heavy materials. The tie is In 
this case portly composed of 
a wrought-irou rod and portly 
of a chain, which passes through 
a pulley at D. Ihe object of 
this arrangement is to enable 
the Jib to bo raised or lowered ' 
as the exigencies of the work 
may require. This chain is not 
to he confounded with the 
lifting ohun, which will be 
prt^tly considered. The jib, 

AB, in tills crane is formed 
of timber. It will bo soon that 
it is to some extent spindle- 
diapod. Tlie reason of thia 
is that the jib ia more liable 
to break in the middle than 
at ottiier end, so that by giving 
to it this form it U mode of an equal strength thronghout. 

TUB WHBEI.WOBK. 

The hoisting apparatus is entirely distinct from the ftamo- 
woik which wo have been oonsidoring. It con&sts ef a barrel 
ta dmm, on which tlio chain is wound, and a train of wheels, 
through the intervention of whioh the barret is turned by a 
luiniUe. . The nature of the train of wheels depends upon the 
load.whioh the crane is intended to raise and the power whieh 
k amployed. 

Ja. order to explain tliis, wo shall take a simple case first. 
Snppoae we have a pinion of iiO tooth mounted upon a shaft, 
and that this shaft ia tnmed by a handle which moves in a 
ebcls of three feet in diameter. Now let thia pinion tom 
« wheel of SOO teeth, and on the same shaft as llto wheel let a 
dram one foot in diameter be seonrod. Now supposing this 
arrangement be applied to a crane, and that the chain pass over 
tile pnll^ at the top of the jib, and hare a weight suspoudod 
from it; what weight will one man tnming the liandle be able 
toraisef 

The ptindple of virtaal velocities will dotomunc this. Wo 
most first aeoertain the space thrangh which the power of the 
non must be applied in onler to laise the load a given distance. 

22 22 

When the barrel has made one revolatian, x 1 = foot of 

7 7 

chain will he polled ia. Bnt when tiie barrel has made one 
ravolation, ihe wheel of 900 teeth most also have made one 
xerolntion. Bat ^ pinion whioh gears into this wheel moat 
hare made ten revolotions, beoause ihe wheel has ten times the 
iriinber of teeth io the pinion. The handle most therefore 
twr* bees tamed roond ten timtii. Now the handle deecUbee 



a circle three feet in diameter, and therefore the diatianee 

23 

throngh which the poww of the man most be exerted it fi X 

22 ^ 
for one tevolntion; and therefore SO X " for ten revolntionc. 

7 

Hius the virtual velocities of the power and the load are 
~ and 30 X ^ But by the pcineiple of virtual vtioeities 

already referred to in the “ Lessons in Meclmnics,” the meoha- 
nicol eifiedonoy of tho machine is the ratio of the virtual velooi- 
ties, that is— o., 

30 X rr 

7 

Hence the efficienoy of thia crane is thirtyfold—that ia, for 
example, if a man exerted a pressure of 40 lb. on tho extremity of 
the wmeh, he would be able to raise 40 X 30 = 1,200 lb. ; and 
therefore two men at snob a crane could raise a ton with ease. 

But we often find in cranes more than a single wheel and 
pinion. There are sometimes two wheels and two pinions in 
powerful oranos; but in all oases tho mechanical offleienoy 
may be found by tho following nilo:— 

Multiply the diameter of tho circle described by tho handle 
into the product of tho number of tooth in all the wheels. 
Moltiply the diameter of the barrel by tho number of teeth 
in ull tho pinions. 

Tho former of these prodnots 
diviilod by tbe latter gives the 
mcclianiciU efficienoy of the ap- 
paraiua. 

Thus, for example, snpposo a 
crane in whioh tho handle and 
barrel wore tho same as in tho 
last example, but that on tho 
shaft turned by the handle woa a 
pinion of 12 tooth, which worked 
into a wheel of 180 teeth, and that 
on tho shaft carrying the latter 
wheel ia the pinion of 20 teeth 
working into the wheel of 200 
teeth which oarrios tho barrel. 

Now tho prodnet of the dia- 
inoiur of tho circle described by 
the hin I.) with th^ numbers of 
teeth in tho two wheels ia— 

3 X ISO X 200; 

and tho pro<luct of tho diameter of the barrel and the numbers 
of tootii in tho pinions is— 

1 X 12 X 20. 


4S0. 


Hence tho moohanical offieionoy is— 

3 X 180 X 200 
'i x is X W “ 

In a crane fitted with huiating maohinery of this kind a man 
exerting a power of 401b. could coiae a load of— 

4S0 X a> 18,0001b. 

The rule which we have given ia very easily proved, and the 
reader will find it a naefnl exeroiae to deduce it from tbe prin¬ 
ciples laid down in Lesson IX. in “ Mechanics.” 

In the crane represented in Fig. 5, the niochanioal effitnenoy 
is donbled by the movable ptdley from whioh tbe load ia bus- 
pended. 'Supposing this crane, then, to have the train of 
wheels which we have dosoribed, its mechanical offioienoy vronld 
bo 900. 

It will he noticed that we have taken no oooount of the eflbot 
of fiiotion when speaking of tho crane. The reason of this ia 
that when the maohinery ia in proper order tho amount of 
friction ie email. We oan see at once in any crane that at oU 
events leas than half tho power Is lost by friction, hocause the 
weight will go down by the run if allowed, to do so. In fact, 
thia has often bean the canse of very serious accidents; bnt 
we have already laid down that in no machine where more than 
half the power ie lost by fidotion ia it poesible fier the load to 
overrun. Hence tiw bias in the crane ia leas than oi half. 
Praetiaally it wiU not lb a «ell-oonatraoted otane be nom.ihaa 
ofoarfhorAfitih. '' 
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THE STEAM-ENGINE.—III. 

By 3 , U. WiGiTEB, B.A. 

rSKP APFABATUS—«TAKS-FIPE JTOR ROW-PBEBBtriUS BOHiSBS 
—“OII'I'ABD'B IKJBCTOB”—“BUCKET BOIBEB BEBD”— 
BABBTT-TAIiTKB—PBX8BUBB OAUOX. ° 

Thb int point vhioli demands out attention in the present 
paper is the manner in which fresh sapplioa of water are from 
time to time introdaoed 
into the boiler, to take the 
place of that which has 
ibeen oonverted into steam. 

Hie importance of attend¬ 
ing very oarofnHy to this 
will be seen from our last 
paper, and from the fact, 
that in a large proportion 
of btdler explosions the 
cause has been found to bo 
tea insufficient supply of 
water. 

Muoh attention has 
therefore been directed to 
the construction of seK- 
aoting feed arrangements, 
which shall act quite inde¬ 
pendently of tho engineer, 
and thus obviate tho risk 
of accident by neglect on 
his port. There is some 
difficulty in accomplishing 
this, mainly arising from 
tho fact, that tiio stoum 
inside the boiler is at a 
high pressure, and that the 
water has therefore to bo 
farced in, and that, too, 
witlftut allowing any escape 
of the steam. 

If cold water bo employed 
to feed the boiler, tho tem¬ 
perature of tho whole is 
considerably reduced, and 
an increased expenditure of 
fuel is thereby rendered 
necessary. This may easily 
be, to a great extent, 
avoided, for the steam, 
when it has acoomplisliod 
its work and escaims from 
the cylinders, is stUl at a 
high temperature, and may 
therefore bo advantageously 
used to warm tho feed. In 
this woy a considornhlc 
amount of heat which would 
otherwise bo wasted is nti- 
lised. Arrangements are 
usually made by which tho 
heated water from the con¬ 
denser, or other parts, flows 
into a hot-well, from whence 
the boiler is fed. 

In condenRing or low- 
presBuro engines, tho waste 
steam is oondensod by 
means of a jet of cold water 
in the oondenscr, and in 
amne instanoos speoial arrangements are made, by whiob a 
portion of this water leaves tho condenser at a temperature very 
little below the boUiug-point. 

The oonslxuotion of tho feed apparatus varies, aooording as 
tho engine is a low-pressure or a high-pressure one. In tho 
former class, the pressure of the steam in tho boiler does not 
usually exceed that of the atmosphere by more than about six or 
wht TOunds to the square inch, and water is then oommonly sup¬ 
plied by means erf a vertiosl stand-pipe with a small cistern at 
the upper end, as shown in Fig. 12. h is tho stand-pipe, whidi 

▼on, j. 



posses nearly to the bottom of tbc boiler, and is of such a 
length, that the ordinary pressure of the steam wiU keep the 
water nearly np to the top of it. At Ihe top is a email 
oistem, opening into K by means of a valve attached to the 
rod D. 

This rod is jointed to the lever B c, and the valve is usually ^ 
kept closed by the weight c. Attached to the other end of the 
lover is a rod, i, which passes through a stufilng-box, a, and is 

fastened to a float, A. 

When the level of tbs 
water in the boiler falls, 
the float A sinks likewise, 
and in so doing opens the 
valve and allows water to 
pass from the oistem into 
the boiler till the t^l is 
restored. The weight o 
then closes the valve again. 
When the apparatus is 
working properly, the float 
keeps the valve a little way 
open, so that a small stream 
of water enters at jnst ^ 
rate at which it is evapo¬ 
rated, and thus the level 
does not fluctnate to any 
peroeptible degree. 

In the tube K is seen a 
float X, which is connected 
with a damper in the flues 
in snch a way, that when 
the pressure of the steam 
inoreoaos, and tho level of 
the water in H consequently 
rises, this float rises Uk^ 
wise, and in so doing lowers 
a damper whioh ohooks the 
draught rill the pressure of 
the steam again diminishes. 
A doable purpose is in this 
manner served by the stand¬ 
pipe : it reirnlates the feed, 
and also the draught. 

There is one drawback to 
the use of these self-aoting 
food arrangements, and that 
is, tho fear lest the valve 
should stick ill its scat, or 
the rod connected with tho 
float should become fixed in 
tho stuffing-box, and thna 
cause the apparatus to 
cease to act. The engineer 
might then go on supposing 
that all was right, and omit 
to look at his gauge-glass 
rill the boiler was seriously 
injured. This objection of 
connso applies to all self¬ 
acting arrangomontH; but, 
with ordinary core, it is not 
a Roricus one. The impor¬ 
tant point is fur tho engineer 
not to trast solely to the 
apparatus, hut frequently 
to consult tho gauge as 
well, and then all danger 
will bo avoided. 

This apparatus is clearly inapplicable to higb-preBBure 
boilerB, aiuoe tho presanro in them is seldom loss than &irty or 
forty pounds to the sqnare inch, and often very muoh greater. 
A stand-pipe would therefore have to bo carried to a great height, 
and be altogether impracticable. -For these boilers, then, a 
different plan has to bo adopted, and tho most nsnal arrange¬ 
ment is to have a small foroe-pnmp to drive the water from the 
hot-weU into the boiler. This pump can be thrown out of gear 
at pleasure, and a cock is usually placed in its suction-pipe, so 
as to limit its action wheb reqnimd. $omorime8 this force- 
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pbmp in oonneotod vith Che engine and driven by it; in other 
eaeee it ie attogtether separate, beinp worked by a small engine 
of its own.' This lattw plan is generally adopted in oases 
where several dlifetent engines are driven from one boiler or 
one set of b(HlBra, the advantage being that the putep can be 
eet in action even thongh the engines are at rest, and it is also 
more under control. 

The engineer riien observes the gange^glass, and regulates 
the action of this pump aoeordingly. It ie very desirable, how> 
ever, so to regulate it that the level of the water varies as little 
as possible; for froqnent fluotnationB—even thongh not suffi. 
oiently extensivo to endanger the boiler—^render the generation 
of steam less uniform, and to a certain extent impair it. 

Avery ingenious apparatus, known ae “(Hftard's Injeotor,” is 
now frf^nently employed as the means iqjeating water into 
Ugh-pressnio boilers. The aotiion of this is somewhat strange, 
rinoe the water is forced into the boiler by the pressnro of the 
steam on the snrfaoo of the water in the instmmont, and this 
pressure is clearly loss than that of the steam in the boiler. 
One groat advantage of this instrument is the absence of all 
valves, with the exception of one placed as a ohook where it 
is oonneotod with the boiler, and serving to prevent the escape 
of water when the inetmment ie not in action. It cannot, how¬ 
ever, be employed when the temperature of the food-water is' 
mnoh above 120°, as a part of its efficacy appears to arise from 
the eondeneation of the steam. This is a drawback to its more 
gensral adoption, since it is always very desirable to have tho 
teed as hot aa possible. 

A very ingenious self-aoting feed apparatus for high-prcsBure 
bailers; known os the *'latent Bucket Boiler Foed,” is now 
extensively adopted. The oonstmotion of this is rather com- 
pBoated, so that it is diffionlt to explain it without a model; tho 
principle on which it acts ie, however, simple. Tho feed-water 
flows into a tumbling bnoket mounted on one end of a lover, tho 
other end of whioh carriea a counterpoise. When full, Uiis bucket 
upsets into a small oistem, whenoe tho water may flow through 
a valve into the feed-pipe, whioh passes nearly to the bottom of 
the cylinder, and is olosed at its npper end. When tho bucket 
is nearly full, it overbalances the oountor-weight and turns the 
lover a Uttle way; in so doing it opens a valve, which allows the 
■team from a epeeial steam-pipe to enter the top of tho food- 
pipe, and drive the water from it into tho boiler. Tho mouth 
of the etoam-pipe in tho boiler is just at tho level at which the 
water ought to stand; if it rises above this, no steam can 
Moape, and oonsoquently no more water is driven into tho 
bailer till tho proper level is restored. Aa soon aa the buokot 
is quite fnU, it upsets and empties itself. The counterpoise 
then restores the lever to its original position, and olosos the 
steam-valve again. A waste-pipe carries oS the excess of 
water from the oistem ; and tho supply should be so arranged 
that it may slightly exceed the consumption in the boiler. 

In order to guard ogoinst the risk of explosion, should the 
level of the water at any time by ocoidont or neglect fall eo 
loir as to admit of tho tubes or plates being unduly heated, I 
"fnsiblo plugs " ore stimetimos employed. A short nozzle is 
attaohed to tho boiler just below the lowest level at whioh the 
water may safely stand. On this there is screwed a cap, tho 
oentre po^n of whioh is composed of an alloy that melts at a 
tempezatore not very much exceeding tho boiling-point. Bo 
long as this plug is kept covered with water, it remains Arm, 
the heat being oarried away from it by tho water; but sbonld 
tbe level fall eo low as to expose it, ^e centre at once melts, 
and allows the steam and part of the water to escape into the 
flues and farnaoe, damping or extinguishing tho fire and at the 
same thne removing tlm undue presenre. ^ouH thie hi^pen, 
tho ludler must be left to cool snffioiently to admit of a teosh 
cap being screed on in place of tho used one. 

In pmetiee it is found that these plugs cannot always be 
raUed «b, as after the lapse of a little time they b^me 
inorusted or injured by tiie heat, and thus lose somewhat of 
their efficoey. The Only safe plan ie to change the oap at 
frequent intervale. I^tes of fusible metal bavo also been pro¬ 
posed to be inserted in different pests <dj,the boilet wi^ a 
similar purpose, but they have nOt been adopted. 

The next appendage to the boiler that we must notioe is a 
very important one—the safety-valve. Steam ie frequently 
genenitsd more rapidly than H is eonsumed iu'the engine, 
«r sometimee tim engine is stopped 'ftnr a idunrt time, end time 


the steam is allowed to acoumulate. The natural oonsoqusnoo 
is that the preeanre inside the boiler goes on gradually inoreas- 
ing, and in a little time it would beoome so groat os to eanse 
it to explode with fearful violence. To guard Sgainet thk risk, 
some oontrivauco is needed which ehsll allow the steam to escape 
before its pressure becomes so great as to be dabgerone, but 
which at the same time ehajl, under ordinary pressure, prevent 
any loss. The safety-valve is intended to aooomplish this objeot. 

The ordinary form of valve is represented in Fig. 13. It ia 
placed in some convenient portion of the surface of tho boiler. 
The movable portion is usually fixed on a spindle, so that it 
may be kept horizontal, and always fall back ezaotly to its 
seat. This valve is kept closed by means of a lever, fitt^ eithar 
with a sliding weight or an adjusting spring, so that the pressuta 
oau at pleasure be moderate to any required extent. It is 
usually set so that tho valve opens as soon as the pressure is a 
little above that at whioh tho engine is to be worked. 

One serious drawback to tho use of the oonioal valve is its 
liability to become corroded and fixed into its socket, so that it 
oeasea to sot. Moro than ono explosion has, on inquiry, been 
found to rosnlt from this cause. To guard against this, it is, 
well from time to time to raise the weight, and thus allow ihe 
valve to open by tbe pressute of tbe steam. Spindles, and other 
arrangements for gliding tho valve, are also very liable to beoome 
corroded, and thus prevent its due action. A very ingenious 
armngemont has been planned to obviate this diffioulty, and 
ensure tbe accurate fitting of the safety-Tal vo: this is represented 
in Fig. 14. The valve consists of a spherical ball with a rod 
passing throngh its (firntre. This ball exactly fits in a oiroular 
seat; but tho chief iwonliarity consists in an arrangement by 
which tho ball is kept continually in motion, so that the 
surfaces in contact do not remain stationary, and therefore 
cannot oorrodo. Inside the boiler there is always a certain 
amount of movement in tho water caused b> tlie ebullition: a 
sheet of iron is therefore attached to the rod passing throngh tho 
ball, and allowed to dip down some way into the water. The 
ebullition makes this oscillate a little, and by this means the 
motion of the ball in its bearings is maintained. In tliis^ay 
a very perfect fit between tbo valvo and its seat, is secured. 
The weight on this valve oonsists of tho ball and iron attached 
to it, and cannot, therefore, easily bo altered. 

It is customary to have two safoty-valvea to every boiler; the 
one ia usually either looked, or so arranged that it cannot be 
altered by the engineer, and this is adjusted so as to open at the 
highest pressure tbo boiler can safely bear; the other ie adjusted 
aooording to the piesanro of steam it is intended to employ. A 
boiler should always, before being used, be tested by hydmnlio 
pressure, to ensure its being sufficiently strong. This is usually 
done by filling it completely with water, all openings being 
olosed. Water is then forced in throngh a small aperture 
means of a force-pump, whioh records the eXSet pressure in 
pounds per square inch. A boiler will, however, sometimes be 
found to leak even after having boon proved in tiiis way; sinee 
when heat is applied to it, the iron expands and some of the 
joints beoome loosened. 

A form of safety-valve, now very gonorally' employed, Sm 
known as “ Hopkinson’e Donble Sofety-vifive,’* and is shown ia 
Fig. 15. The special advantage of this is that it guards againat 
explosion, either from exoess of pressure or defioiency of water. 

Tbo valve is placed inside a dome, which protects it from 
, injury; a largo opening is, however, left at one side for the 
steam to escape. Ilie part b has a curved surface, and aconrately 
fits on the top of tho pipe c, whioh oommunioates directly with 
the boiler. The weight w slides along the lever, and in this 
way tho pressure can be adjusted to the required amount. Thua 
far this valve rosembloa that in ordinary use; the peonliarify 
of it consists in the intomal lever and weights. The float jl ia 
80 adjusted, that when tho water in the boiler is at its proper 
level, the lover from which it honge is horizontsd, and tho valvti 
ie closed. If, however, tire level falls, this float rinks likewtee, 

; and iu so doing raises the valve by means of tho eifindle under 
' it, and thus allows the ateam to eaoape. la aooie Inatanoee tho 
b steam, as It blowa off from tire aaf^'Valve,' ia niade to SoniiA 
a whikle, aad-thna call the immadiate attmrtion the maib in 
t ohaege of the‘engine. 

r miere have been many other variatioBB In tbAfaxmapnpoaed 
, for aafety-valvM, for, owing to thrir great toptatadioe, nuufli 
s attention has hem direeted to the diaeovor m the and 
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Mf^at cosatnietioa; bat fipa«e wjU not allow oa here to explaia 
tite details of these. 

When the lever of the safety-valve is ptopetljr eiadnated, the 
weight oan be so adjusted as to allow iiie valve to op«i at any 
given pTCssaxe,'a&d we at onoe ascertain the iaot of this prM- 
sore beiiig attained by the escape of tiie steam. The heat in 
the furnace ought, however, to be so regulated by means of 
dampers in the flues, that the steam shall be kept up to the 
tequixed pressure, but not allowed to exceed it, since all that 
escapes by the safety-valve is in reality a loss^ of so much heat. 
Jh order to do this, we need some mode of indicating at any 
moment the exact pressure which the steam exerts, and this we 
kam by means of the “pressure-gau^.” 

Vscions forms have been given t6 this instrument; the simplest 
is that known as ilie mercurial gauge for low-pressure boilers 
(Fig. 16). It consists of a tube bent in the shape of a syphon, 
ibo longer end, a, being open, and of such a length that the 
pressure ol the stosm will uot force the mercury out of it. A 
atopoodk, o, is placed at the other end, and beyond it a screw 
is out, by means of which the gauge is attach^ to the boiler. 
The bend of the tube is now filled with mercury till it stands 
in botii limbs at the level, o; a small air-holo, closed by a 
screw, is often plaoed near c to aid in the filling. As soon, now, 
aa the cock c is opened, the meronry in the limb b will be 
pressed npon by the force of the steam in the boiler, whUo the 
surface of the mercury in the other limb will be acted upon by. 
the pressure of the air. The differenoo in level in the two limbs 
will at once show the differenoo in pressure. If the force of 
the steam bo snob as to deproBs the mercury in b to o, it will, 
of course, rise as much above o in A, and will stand at b. The 
diffetenoe in level between a and h will thus show the amonnt 
by which the pressure in the boiler exceeds that of the air, 
whioh may be t^en at 15 pounds per square inoh. A graduated 
scale is usually plaood between the two limbs, by means of 
whioh the difference may easily be read off. Most commonly 
the tube is made of iron, as gloss is very liable to be broken; a 
-floaAs then plaoed in A, and a oounterpoiso is oonnoeted to it by 
a string passing over a pulley at the top. This oounterpoiso 
serves as on indioator, and marks the pressure on the scale. 

As the difference in ihe level of the meroniy in the two Umbs 
amonnts to about two inches for each pound of pressure, it is 
oleoir that this kind of gauge cannot well be employed with high- 
pressure boilorf without l^ing made very inconveniently large. 
A totally different form is therefore made use of, the oonstrua- 
tion of wluoh will be easily seen by referenoe to £^. 17. 

A tube of strong glass, cloBed at the upper end, is made to 
dip into a (dosed vosaol oontaoning meroniy, on the surfaoe of 
whioh the steam presses. As this pressure inoreases, the air in 
the tube is compressed, and the mercury rises. 

A speoially graduated scale is plaoed at the side Of the ghHKh' 
whioh ahotrs exactly the extent to whioh the sir is oompeused. ’ 
If the mwouzy stands half-way up the tube, fiie air oooninef | 
just half its ordinary spaoe; the pressure of iho Steam, th«»> i 
fore, is twice as pwat as that of the air—that is, it amdnats to I 
80. pounds to the sqnare inch. If the air is compressed to one^ 1 
ibi^ of ita bulk, the pressure is 45 pounds, and so (m. 

Kssonrial presaure-ganges have, however, itlmost Mtareiy' 
given place to those known as “ Bourdon's.” Xa iQns thm is a 
dial-plato, with a hand on it poiatiag to Hhe jAewran^ as seen 
in.Fig. 18. The steam acts npon a spriBg of a, psetdiar ixm- 
strootion, somewhat on the plan of that used .to pioB aHHnid 
bssometeia; and, owing to their greater Qowsadtwwe, 
gauges are now almost nniversally adopted. . '' 


COLOUR.—IV. 

' Qy FiOfMior CarrscB, Boyal Agrionltnial College, Cbenoester. 

mxiwxuJb tbxobt of feikabt COIiOnBS. 

Xw uw rfe wU f i io n of onr lenarks upon the varions theories which 
have been loopaiuided as to the tme primary oelourB,weinay now 
refer-te .tim eonohuions of Professor Clerk klaxwrdl. Aoeording 
to tors ohsems^ toa tores primary oolonts are scarlet, green, 
■ad blue, toe combination of toese ooloars he considers 
tosit ell otoers may bS formedi hot at toe same tims be admfta 
toat.the.qtoer oedonra (ff toe speotmm are dne to simple or 
nnd eeo mp osible asyBi though toey exoite toe scune senaations ■■ 
tboia of oasisto Uitotures of rays. A toniah-green ray, for 


example, though not compounded of blue and green rays,, pro¬ 
duces a ^nsation which may be regarded as oompoundiS of 
those sensationB whioh are produced by blue and green. In 
their selootion of toe three most important ooloura of the spbe- 
tram, in their divergence from toe ordinary tooory as to .the 
primary colours, and in their views as to oomplomentory colours, 
Helmholtz and Maxwell agree to a oonsidetablo extent: it is 
as to too possibOity of forming horn three colours all t^ others 
that they differ—Maxwell affirming this, and Helmholtz denying 
it. A few words as to the primary, seaoi^ary, 
and oomplomentary (mlours admitted by Max¬ 
well may now be given. In order to observe 
these colours satisfactorily, the following oon- 
trivance should be adopted:—Two Slips of 
pure white unglazed paper shonld be laid 
upon a piece of block velvet, after the manner 
represented in Fig. 9. If this diagram bo 
thus copied in paper and velvet on a large 
scale, and viewed from a distance, by means 
of a prism having its refracting e^e turned 
away from the spectator, the colours will be 
scan as indicated in the figure. These colours 
are the two complcmentaries. By varying the 
shape of toe black snd white spaces, new and 
instruotivo effects may be developed, which 
we have not space to describe miitioalarly. 

One of these variations is mode by plaoing a 
narrow white strip across too middle of a 
long black band, and a similar narrow block 
strip across a contignoua long white band, 
and continuous with the white strip. 

According to the deductions of Maxwell, 
the most offoctivo throe primary colours for 
the purpose of compounding too largest numbers of other ooloura 
have toe following wave-lengths in millionths of an inoh, and the 
following positions in toe spoctnun of too sun (Fig. 10) :— 
Jfamw o/ PrimartM, TgaM-lrngtha. Ponltont, 

Fare red or scarlet . . 2,828 ..... 4 from Use C to S. 

Fore gnwn.1,914. i from line £ to F. 

Futo blue.1,717.| from line F to d. 

The secondary colours oomplomontary to these primaries ore— 

Sea-green, comfUmumtary to Bed. 

Almond-blossom „ Groan. 

Fellow „ Blue. 

Some authors call the colour we have here named “ almond- 
blossom” pink, others poato-bloasom. It oontaios leas blue 
toon does viol^, which is not its tmo complementary. The 
best representatom of too partionlar oolonr heae meant is to 
be obtain^ by burning too gas known to chemists as eyanogm 
—easily obtained by heating a little morenrio cyanide in a short 
test-tube fitted with a fine glass jet to serve os a burner. 

- These tioee seoandary colours, in order to be truly oomple- 
Wantary to their several primaries, must not only be of the 
ri^t qnalHy and purity, but must bo of toe tight intensity or 
b^htraes. So toe soa-green named above mnet have tlie added 
bri^taess of two components, bine and green; toe almond- 
blossom most have toe added brightness of ita two oOmpOnenta, 
ted and blue; and toe yellow must have toe added brightness 
of its oomponents, red and green. -Of course these statements 
refer cmly to Maxwell's theory of toe oolonrs of light. In the 
oose of pigrnientB we shall have frequent occasion farther on to 
repeat what we have indeed often stated before—that tho 
complex nature of the coloured rays they generally refleot does 
not permit these simple relations of colours to each other to hold 
good. In concluding onr brief outline of aomo of toe eldef 
features of the now theory of colour, wo may draw onr readers’ 
attention to toe following diagrams (Figs. 11 and 12) by meanii 
of whioh, when filled in with the oolonrs named, they con re¬ 
present for toemselvoB the primary and secondary colours of 
Maxwell’s theory. 

'In toese diagrams toe following abbreviations are used 

I. FrimoiT) Colour.—B, Bed; G, Green; B, Blue. 

II. Sawndary Colour.—SO, Soa-greon; A, Almoad-blpasoi^; F,.Yellow. 

When toe diagrams ore filled in with the pniest pigments 
attainable, then Fig. 11 should show the effect of ta^g away 
toe toree primary oolonrs from white, leaving three overlapping 
(firoles of second^ culonis where only one ooloni is removed; 



Fig. 9. 
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Itainag ibrM<Bided Bpaom of primat; oolonn wlii»e two oolonn 
are removed; and leaviag also a aimilar aiMuse-of black or 
darkneaa in l^ie oentre, whore all three primaxiea are equally 
removeA Hu esaot oonverae of this effect ia khown in 12, 
where the i^imaty colonra are enppoaed to be represented in 
equal strength upon a black groand. They form, by the over¬ 
lapping of two the three diolea or diioa containing them, 
tluw apacea of the aeoondaiy oolours, and where all three 
citolea overlap or coincide, a central apace of white. Colourod 
lights UM, of oonrae, alone competent to 
produee aeoondary colonra brighter or more 
Inminoni their oonatitnent primaries. 

A aimilat^bttt thoroughly fslao imitation of 
this effect ia produced by mixing white 
With the aeoondary colours need in pre¬ 
paring the above diagrams. 

The more commonly received theory of 
the primafy colours must now be described. 

It is s^ adopted in all the manuals of 
design and colour as applied to the decora¬ 
tive and fine arts; indeed, the authors of 
sw^ books seem to be ignorant of iha 
oxistsnoe of the more correct views which 
Imte just been described. One great ad¬ 
vantage is posseased, we readily admit, by 
tibh bid theory—it works far better with 
aetnal pigments than does tiie new one. It 
breaks down more or leas oompletely when tested, by the means 
ww have already mentioned, with oolonred rays of light. Con- 
oemed as we nsnally are with coloured materials and not 
with oolonred rays, we ahall deaoribo the old theory at some 
length, particularly as it affords an easy moans of studying 
the mixed colours 

whioh pigments Violet Indigo Blue 

afford. 

In our coloured 
diagram* we have 
arranged the most 
important oolonrs in 
a Mx-pointed star 
jnade of twelve eqni- 
lateral triangles. 

The whole figure being regarded as consisting of two intersect¬ 
ing trianglee, the three primary oolours will be found in the 
angles of one of these, the three secondary colours in the 
angles of the other, and the more mixed hnee in the area 
where the two triangles ooineide or overlap. However, before 
showing how the compound colours may 
be supposed to originate from the ad- 
.mixturo of simple ones, it will be nooes- 
sary to define the meauings of a few words 
which we shall have frequent oooasion to 
.amploy. 

Tone$, often called shades, signify oolonrs 
mixed with varying proportions of white or 
black. In mixing a colour with white we 
weaken or reduce its tone, but by the ad¬ 
dition of black a colour has its tone broken 
or darkened, not deepened., Bed mixed with 
white in inoreasing proportions gives weaker 
and weidcer tonee of red; ted mixed with 
Uaok in increaaing proportions gives duller 
and duller times of red; while ted mixed in 
a sttwjWT maimevwith both white and black 
—that k, g r ey *g ivc e a aeries of tones of 
red whi(^ ore tit the oame time duller and weaker than the 
original oolottf. 

A teals k a regulac eeries of eubh tones as those just 
desori^. Every oolonr admits of three scales:— 

1. The rednoed eoale—tiiat k, the normal colour mixed 
with white, thus forming Knit. 

2. The darkened eoator^that ia, the normal oolonr mixed 
. with black, thus ferming thode*. 

8. The dnlkd eoale—^ibat k, the n<»nttal oolonr mixed witii 
bott whito and bhude, ot^ ia one word, with grey. 



Primary or elementary oolours are nannlly regarded as 
tiiree in number, and are assumed to be oapable of yielding by 
oombination all other oolouM. They are commonly assnm^ to 
be yeUow, red, and bine. 

Secondary oolonrs ate mixtures of two primaries in equiva- 
lont proportions. Orange, green, and Violet are the three 
seoondaiy oolonrs. We say eqniv^ent, not equal prop<»tions; 
for it wQl be foimd that equal qnantitiee of yellow and red 
! lights, or of the purest yellow and red pigments attainably will 
not produce the norm^ orange. In nuking, 
therefore, suoh a secondary colour as oraage, 
we have to judge by the eye what quanti¬ 
ties of its primary oonstitneats will pro¬ 
duce a colour equally removed from y^ow 
on the one hand, and from red on tiie 
other. 

Tertiary oolonrs are mixtnres of the 
three primary oolonrs in oertain prqjior- 
tions, whioh will bo noticed present^. All 
tertiary oolonrs are dull, owing to the 
following fact. All pigments representing 
the three primary oolonrs produce, when 
mixed together in equivalents, not white- 
nees, but greynese or blackness. In tertiary 
colours, therefore, the equivalents of yellow, 
„ .. red, and blue whioh are present, unite ti> 

neutralke one another, and eo to form 
grey; while it ia oifiy the unneatraliBod residue of the one or 
two colours that are in excess whioh gives a special character 
to the final result. The neutral grey of the tertiaries, as 
thus produced, dulls all thoix tones, and diatingaishes thorn 
at once from the primary oolours, and from all oombina- 

tione of two prima- 
Oieen Yellow Orange Bed rios. Indeed, the 

six normal tertiary 
colours ane nothing 
more than the JUUed 
tones of the three 
primary and the 

„ three secondary 

oolonrs. 

Hues inolnde all 

tertiary oolours, and all those colours in whioh the primaries 
are mixed in other proportions than are requisite to form the 
secondary colours. YeUowish-oxango and bluish-green are 
seoondary hues; reddish-grey^and violet-grey ore tertiary hnee- 
With those deiiuitions of terms before ns, the consideration of 

__ the chief colours, of the quality and optical 

Rompositiou of coloured matoriak, and of 
pigments in actual use, may be oommenoed. 

Tuk Fbuubt ConotTBB.—Fsifew.— 
moat luminous of all oolenxs k tiie pure 
yellow. It oaoupies a very narrow space in 
the solar speotrum, but :k distinotly the 
brightest port of it. Most yellow pigments 
and coloured materials reflect or transmit 
much orange and red light, as well as yrilow. 
Chreme yellow is an example of this foot. 
Some transparent yeUows on a white mr- 
faoe, snob as gamboge, allow .the kane- 
mkeion of, or reflect much white light, 
in addition to the yellow rays whidh 
ohaiaoterke them. I^ay ore in reality 
Fig. 12. roduoed yellowo—yellow, that k, mixed 

with white. YeUows oooaoioiially verge 
npon green, especially in their lighter tints. Thk eSeot is 
partiy dne to their re^tion of some green rsya ia plooe of the 
rod whioh they usually emit, and partiy tol the raeitit npon the 
eye of eontrastiag the lighter or redn^ tones of yellow w^ 
fhedarimrtoneewhidbvergenponoraqgeaadred. Aaoxangeor 
even a red tint k often pereeived in y^ow pigments wbaa they 
beoome dry, though th^ may have Htpesi^ of a nsoriy pun 
yeUow whra wet. Fibses of wool, aUl;, ootten, eto., dyed ydlow, 
exhibit the same oppeataaoeo, os to the optio^ oanstitumts of 
the oolonn they refieot, as do other white surfooee of psqMir, 




, oaavM, anA pozeeiain, upon whiah opaque or tnaspoient ]Mg- 
? ; • orimaed dfegtam will he issnsd witii Fsrt IT. of 'Tax monte have been spread. Hi all caoea varying proportions of 
TSMUnoAU Esmuma. J white light* are refisoted; while of the light whioh k deoom- 















SEATS OF INDU8TEY. 


31S 


posed by tbs oolotind sarfases, diffstent bat oonaidenblo 
amoonta of violst, indigo, bins, and, in a taeasnre, gceen, are 
qneaohed or absorbed. The remaining rays prodnoo the 
ooloor efleot of the objeot, and 'will, of oonxse, eonsist mainly, 
bnt not entirely, of yellow light. With stained glass and other 
transparent materitJs, such as oolonred gelatine and oolonred 
Hqnids, similar gronps of Tiolst and blue rays are on the ono 
hand absorbed, while on the othmr hand the loss tef^gible 
oolonrs are transmitted. 

Jied.—^13>e seoond primoiy ooloor in point of 'vi'vidnesa is red. 
It is loss Inminoua than yellow, bat warmer and more retiring. 
All ooT ordinary red oolonrs contain orange and yellow, or else 
bine and violet. A stiok of sealing-wax examined by a prism is 
found to refleot all tbe rays np to the line D in the yoUo'w—that 
is, the ooloor which it presents is made np of much orange and 
a litilo yellow in addition to the true rod. The fugitive itaint 
known as geraninm colour is a purer red than that just named, 
the vermilion of soaliug-wax, but it is not free from a tint of 
orange. Carmine and crimson lake, with other similar pig¬ 
ments, refleot to 'the eye a trace of the blue and violet, as well 
as nearly all tho red, and some of the orange rays of the light 
which faJls upon them. The beat idea of pure redness may be 
got from the bright and brood red bond in 'tho spectrum of a 
homing lithium salt. Bod glass, at least that kind of red 
gloss which is coloured by copper suboxide, does not transmit 
nnmixed rod rays, but many orange rays as well. 

Blue.—Tho third and least vivid of the primary colours is 
blue. It is also tho most retiring and cool. Wo cannot point 
to any tolerably pure blue pigment. Bedutifnl as oltramarino 
undoubtedly is, its spectrum reveals the existence of sovoral 
colours besides blue. Yet it would be hardly fair on this 
aoconnt to regard this or any other colour as impure. If the 
various coloured rays which a pigment reflects to tho eye 
impart the sensation of blueness, it is enough. They may con¬ 
tain red, violet, and other constituents, but the resultant effect 
of the combination may bo a blue indistingnisbablo in parity 
froi^ the normal blue of the solar spectrum. A difficulty docs, 
however, arise when such pigments as those above referred to 
are illuminated by artificial light, or are mixed 'vvith others to 
form seoondaiy and tertiary colours; the anticipated result 
being occasionally very far from being reslisod, Cobalt-bluo 
zefleots mnob green and violet light, as well as blue, and in 
foot shows a very remarkable combination of colours when its 
speotrum is examined. On mixing it 'with carmine, to form a 
violet hue, the green constituent in its light interferes with the 
puri^ of the resulting colour, whioh is mnoh greyer than one 
would have expected. By lamp-light oobolt-blue appears 
violet. Pmssian-blae and indigo absorb most of the rod, 
orange, and yellow rays, bnt emit a very largo part of the 
green, blue, and indigo. A crystal of blue vitriol (oopper 
snlpbate) outs off all the red, orange, and yellow rays, together 
with the green rays up to line £, and transmits tho remainder. 

Tlie secondary and tertiary colours remain for disoussion in 
onz next lesson. _^ 


SEATS OF INDUSTRY—IV. 

HAXOHXSTEB AKTO ITS BUBVSB8 : THXIB CHIlil' IKDTrBTBT. 

Bv H. B. Fox Bovsm. 

MjLNCHBSTBb bos an antiquarian history, extending over nearly 
twenty oenturiea, and a eommeroial bisinry, the authentic re- 
oorde of whiob hardly cover five hundred years. It ranks 
however, witii the oldeat English towns that atoned impottanoe 
by their mannfaetnre of oloihing and other textile goods. 

Its first staple manufacturo was not cotton bnt wool. When, 
in I3S1, a few of those iuddstrions Flemish emigrants who 
initmoted the English in better ways of taming sheep's wool 
into oloth settled in Manchester, 'they gave new life to a trade 
that tor some time previously had been feebfy carried on. Two 
aentnries later, one of the threo most famous mothiera in England 
was Uartin Brian, or Byrom, of Manchester; and at that time, 
in 1588, the town 'was spoken of by Inland as “ tbe fairest, best 
boilded, qniskest, and mpst popnlona town of all Lanoashim.” 

linen maanfaoinre, as w(ffi as woollen mannfoetnre, had a abate 
in waking what ia now the greatest iff all the great cotton towns. 
"The town of Manoheste,” it was written in 1542, "is and hath 
of long time been iifbahited, and the inhabitants of the said 
town have oome kto xiohesand wealthy livings, and have kept 


and set many ortifioers and poor folks to work within it; and 
reason of the great ocoupying, good order, etraight and true 
dealing of the inhabitants, many strangers, as well of Ireland os 
of other places, have resorted to the said town with linen yam, 
wool, and necessary wares for making of cloths, and have used 
-to credit and trust tho poor inhabitants, which had not ready 
money to pay in hand, unto such time as tho said debtors with 
'their industry, labour, and pains, might make cloths of 'the 
wools, yarns, and other neoessory wares, and sell tiio same, to 
content and pay their creditors; wherein hath consisted muoh 
of the common wealth of the town." That account of tho help 
given to poor Manchester weavers by rich Irish morehanta fur¬ 
nishes a curious illustration of tho relative position of Irish and 
English which has so atrangoly altered daring the lost three 
oonturios. 

It is not neoossary to note in detail tho stages of the progress 
of Manchester during those three couturios. It grew steadily 
by help of wool and linen, although tho progress 'was slow 
indeed in comparison with that of 'tlio past century, in which 
cotton has been tho staple. In 1757, Manchostor and Salford, 
then quite a distinct town, ha^l between them hardly 20,000 
inhabitants. In 1801 their population 'was 84,000, and in 1861 
it was 400,000. The real Manchester, hou-ovor, is very mnoh 
koTO than the Manchester on the Irwell 'with its half a million 
inhabitants. Thirty or moro important towns in southern 
Lancashire and wnstom Yorkshire, and in the adjoining counties 
of Derbyshire and Cheshire, each with its own group of suburbs 
and outlying villages, constitute a vast network of ootton fac¬ 
tories, with Manchester for the head and eentro of tho whole. 

TIte development of tho Lancashire cotton trade furnishes one 
of the most remarkable episodes in eommeroial history. It hod 
a slender existence moro tiiau two centuries ago. “ Tlioy buy 
ootton wool in London that comes first from Cyprus and 
Smyrna," it was said in 1641 of tho Manchester manufacturors, 
** and at homo work the same and perfect it into fustians, 
dimities, and other such stuffs, and tlion return it to London, 
'where 'the same is vended and sold, and not seldom sent into 
foreign parts.” While all 'the ootton wool that roaohod England 
came from the Levant, the supply was so small that no preju- 
dioe was excited by its use. As soon, however, os the East 
India Company began to bring homo larger quantities, which 
were worked up both in tho Manchester districts and elsewhere 
in England, tho dealers in woollen goods began to fear that 
their own trade would be interfered with, and aooordingly, using 
all their influence in Varliiunont, they obtained the passing of a 
soi-ios of laws, by which such heavy taxes were laid on ootton 
manufactures that fur a time they were virtually prohibited. 
In London, and along tbe Thames, whero Huguenot settlers had 
planted tho trade, it was nearly stomped out. In Manchester it 
was carried on with difficulty until 1774, when the fooUah laws 
were rescinded. The trade, 'thus relieved, had a little while 
before begun to bo quickened by tho arrival of cotton wool &om 
the West Indies, and the American colonies whioh have now 
become part of the United States. The trade in England 
snoodraged these new importations. The invention of new 
machines for spinning and weaving further encouraged them ; 
and these causes, influencing and being influenced by the favour 
shown by tho people for tho new and cheap material for clothing, 
caused a marvellous extouwion of tho trade. In 1768 the cotton 
goods manufactured in the whole of Groat Britain wore worth 
less than A200,000. By 1788 'the trade had been more than 
doubled, and it was then large enough to give employment in. 
spinning and weaving to 159,000 men, 90,000 women, and 
101,000 ohildren. Of 142 water-mills used in these mannfao- 
turoB, 41 were in Lanoashiie, 22 in Dorbyshira, and 8 in Cheshire; 
that is, just half wore in the district of which Manchester waa 
the centre. In 1835 the number of factories in the Manchester 
district amounted to over a thousand, and tho hands employed 
in them, and in connoctiou with them, uanpot have been 
short of a million. Tho trade has moro than trebled kring the 
lest generation. Manchester alone contains more than 200 
factories, and in its far-reaching snburbs, from Preston to Mac¬ 
clesfield, and from Warrington to Boohdale, 'there are more than 
ten times as many. In 1860, said Mr. Bazley, " tbe number of 
spindlea employed was about 32,000,000, sad tiie number of 
looms employed would be about 340,000. The paid investments, 
inblnding ke value of land and the right of water, amounted to 
not less tlm-u JBOO,000,000, to 'which must be odd^ a working 
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capital of A20,000,000. Add to these again the Talne of met* 
ohants' and tradesmen’s stocks at home and abroad, the Talne 
of ravr*ootton and eubsidiaty materials, and of bainkeni' mpital, 
;ind the grand total of capital employed in the trade Trill not be 
less than ;£a00,000,000.” No other single trade is ao vaat 
in its dimensions, or so important in its inflnenoea on sooioty 
as the ootton mannfsotaro, whidh has Manchester for its oentre. 

All the oironmstanoes of the trade have grown in proportion. 
Dr, Aiken, the old historian of the town, tells how, a oentnry 
and a half ago, “ an eminent manufaotorer used to be in hia 
warehouse bofon six in the morning, aooompanied by hia 
children and apprentioos. At noon they all came into breakfast, 
wbidh consisted of one large dish of water pottage, made of 
oatmeal, water, and a little salt, boiled thick, and poius^ into a 
dish; at the side was a pan or basin of milk, and the master 
and apprentices, each with a wooden spoon in his hand, without 
loss of time, dipped into the same dish, and thenoo into the 
milk'pan; and as soon os it was finished they all retarned to 
their work." Those simple ways gradually garo place to more 
refinement and oonTentionolity; but the auoonnts of old Bobert 
Feel’s early life, and of his commonoement of oalioo printing, 
show a state of things almost as primitiTo. As Feel grow 
rich, and became the master of a score of mighty factories, 
giring work to 1,500 hands, so Manoheater and its sabntbs 
have grown. The old modes of labour, by which each cottage 
vras genomlly a distinot workshop, and each workman bis own 
master, have been displaced by arrangements whioh necessitate 
the presence of hundreds of workpeople under one roof to 
manage ibo oompli 9 ated maohinery now in vogue, and that ma- 
ohinory enables es^ hand to get through fifty or a hundred 
times as much work as tho old tools rendered possible. 

llie numerous stages of ootton maunfactnro may bo grouped 
under throe divisions. The first comprises all tho processes by 
which tho great lumps of oottou wool brought from the United 
States and other parts, through Liverpool, to Mauohester and 
its snbarbs, are reduced to yarn fit for weaving. The ootton is, 
in tho first instance, cleaned by removing all imparities, and 
separating tho coarser from tho finer qualities. Then it is 
carded, that is, aU tnfts and knots are romovod, and tho fabrio 
is laid out in a fleecy ribbon-liko web. Next it is drawn, so that 
tho ribbons may be all of tho same quality and texture, and tho 
filaments all exactly parallel. After that it is roved, a process 
by whioh each ribbon is greatly attenuated, and at the same 
time slightly twisted, so as to give it more strength and oonsis- 
toucy. Fine roving follows, being, os the term implies, a more 
delicate repetition of tho farmer operation. The sixth prooesa 
is tho epinning, whioh completes the production of the yam, 
except that it has to bo wonud and packed before it is ready to 
bo passed over to the weaving-shops. All tliese prooosaea hang 
tognther, and are genotally carried on in ono department. The 
weaving is often conducted in tho same factory, but it need not 
bo so, and many ootton colonies are for spinning and nothing 
more. The weaving stage consists of fewer processes, but these 
are more complicated, some of tho most wonderful exploits of 
modem invention being concerned in the adaptation to vast 
madhinory of the some prineiplos whioh guided the hands of 
the jold weavers and webstera during tho thousands of years 
that preceded tho introduotion of machinery. We hope to 
be able to describe these in a future number, as well as tho 
interesting prooesses of tho tliird stage, in whioh the ootton 
wool, now oonvertod into cloth, is dyed, printed, or otherwise 
finished, so that it may go out for sole as muslin or oalioo, 
Traaring apparel, curtains, counterpanes, or anything else. 
Bleach-works, dye-works, print-worka, and the like, all oome 
nndor this oktegoyy, and complete the oirole of cotton manu¬ 
facture. 

The ai^titatioa of ibese comprehonsivo mechanical arrangre- 
monts for tho old-fashioned modee of handiwork has effeoted a 
ndghty tCTohttion ia the social condition of the people. The 
histeny of that revolution is full of interest. Looking back at 
the Manchester people of begone times, we sec a notably indns- 
triotts and indeijendbnt rhoe. Looking at them now, we see 
that botii industry and imiiependenoo have increased, in spite of 
ehaages fraught with danger and diaoomfort. A century tgo 
tho Lanoashize q>innara ai^ weavers tikooght themselves supe¬ 
rior to all theirorld^-'^s, hidted, they w ere i n theix orsift. ’The 
craft gave them unaenal freedom, sudoisiit profit to ensiae 
for tiwm more luxaties then any oilier oraftsmon oonld cnjby. 


Tb^ looked irith extreme jealonsy. upon the imraored ma- 
ohiii^that was introduoed Harg^ves, Arkwright, Ckomp- 
toa, a^ others, seeing olear)^ tiiat thereby then eottage-work- 
shope would soon be rendered impossible, and a new order of 
things would be introduoed. Henoe the Blaokbum riote sad 
other disturbanees throughout Lonoashire, whioh foroed old 
Bobert Fed and the other best friends of tiie ootton industries 
to use rough means for adopting the improvements and extend¬ 
ing their trade. They succeeded, aid the trade has been 
indeed extended. The ootton lor^ have, perhaps, in many 
oases, gained an ua&ir shore of the benefit that ims ensued, 
but the ootton operatives have also gained very mnoh. They 
have found out the way to preserve their old independenos, 
while they have oome to be, in one sense, merely well-wrought 
tools in a vast conglomeration of machinery. Ton cannot 
walk through tho streets of Manchester, or any other cotton 
town, without being struck by the self-suffiment bearing, the 
rough, honest look, and the almost painful intentness of pur¬ 
pose shown in every movement and aspect of every man, 
woman, and ohild. Tliere is room for mnoh further education, 
and especially hygienic education, among the ootton operatives; 
bat England may be proud of thorn us they are, and the pride 
passes into reverence when we recall the history of their 
patient heroism, self-sacrifice, and mutual trust during the 
torriblo period of the oottou famine, consequent on tho Amerioan 
civil war. 

Some mention of tho mttltitudinons trades carried on in Han- 
ohestor and its sabnrbs in dependence on the ootton manufac¬ 
ture, or apart from if, must be reserved for another paper. 


VEGETABLE COMMERCIAL PRODUCTS. 


PUNTS US£D IN THS PUBPARaTION OP NUTBITIOUB kVO 
STiuniiATiNa BBVXRAOBs (continued). 

Gbapb (Fill* vinifera, L.; natnral order, VUaeem),—Tba 
wifieB of commerce are mostly prepared by fermentation from 
the juice of the grape. The vine ranks next to the tea and 
coffee plant in importance. Tho exoellonoo of its fmit, whether 
fresh, or dried in tho form of raisins, is well known. The 
virtnes of its fermented jnioe have been eulogised in song 
by poets, and its excessive abuse has famished a tiiome for 
moralists of every age and nation. 

Tho grape varies in the colour, form, mse, and flavour of its 
fruit. Those varieties have all probably been produced by long- 
continued cultivation in different soils. This lengthened atten¬ 
tion which tho vine has received has given it on extensive 
geographical range. The vine may be fonnd in all oonntries on 
the'earth’s surface included between the parallels of latitude 
51” N. and S3° S. But the same latitude does not alwa^ 
permit the grape to ripen enough to make good wine; tida 
depends on the average oloamesa or eloudinoas of tha‘i«tmo> 
sphere throoghont tho year. 

The vino is generally supported by props and treUisos, but in 
the sandy distriots of Spain it is ^owod to trail upon tho 
ground. The time of tho grape harvest, or vintage, ia always 
regulated by the character of the wine to be made. For a brisk 
mine, such os champagne, the graiies ore gathered before fully 
Iripo; for a dry, full-flavoured wine, such as port, the mature 
l^pes are selected; and for German wines, the driest of all 
woes, the vintage ia made os late as possible. The process of 
wine-making is as follows i— 

' "'The grapes are gathered into baskets, which are ei^tiod into 
,a tub, with holes at the bottom, called the wine-press. I^s 
tub is placed over another mnoh larger, named the wine-vat. 
A man then gets into tiie npper tub, and presses or crtudieB the 
grapes by treading upon them—-a mode ^ bmising the ^pe 
as ancient as wine-making itself. Tbe juioo or mutt, as it is 
termed, flows from the press into the vat, and sometimes within 
a tefw ^ys, or even a few hours, depending on the.tempecainra, 
begins to ferment. This fermentation makes the liquor turbid, 
moreasea its temperature and volume, so that it guiokly eom* 
fitesoes to fin the -rat. After a time the ferme^tion mbmb, 
^ hquor diminisheB'In temperature and bulk, and beoomes qopl 
dear. 'Wh«i qi^ts Mid it ia drawn off, or raoked, as it is 
tenfied, from the vat by a tap plaoed a few inches abem the 
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bottoi^ iato aa open vessel, wheaoe it is conveyed into the 
prepared for its reoeptiou. After entering the cnsk, a 
■aeond, ^though mnoh slighter, fermentation takes plaoe, vhioh 
further olarifles the wine; its sabaidonce diminishes the bnlk of 
tile wine in the cask, and more wine is added so as nearly to flU 
tiieoask. This again slightly jrenewa the fermentation, and the 
OBsk is kept open until filled to its utmost capacity with wine 
free from fermentation; it is then closed, end is ready for the 
aunrket. 

It requires great attention and practical skill to manage the 
fermenting prooess properly, as on this depends the quality of 
the wine. Wines vary aooordlng to the amount of sugar, 
aloohol, and acid which they contain. ' When wines contain; 
much sugar, they are called “ sweet when little, “ dry.” Sweet 
wines, such as Malaga and Tokay, ore wines which have been 
only half fermented; their sweetness depends on the fer¬ 
mentation not hailing exhausted the sugar. Dry, strong winoa, 
such as Madeira, shorry, Marsala, and port, are fuUy fermented, 
wines, all the sugar of the grape having been eonverted into': 
aloohol. Champagne and other sparkling wines owe their 
briskness to the presence of carbonic acid; whilst hook and 
the Bhenish wines generally, and many of the Prenoh, contain 
much unoombined acid. The ronghnoas and flavour of the rod ^ 
wines are nsualiy derived from the husks of the fruit, but are 
often communicated to them by the addition of astringents, 
auoh as rhatany, kino, etc. The tints of wines are either natural 
or artificial. Iheir strength is frequently augmented by the 
addition of brandy. This brandy is itsglf distilled from wine. 
It is oolonrod with burnt sugar, and peach kernels are added 
during the distillation to give it that pocnliar flavonx by which 
it is distinguished. 

The principal wine countries in Enrope ore France, Spain, 
Portugal, Germany, Sicily, Italy, Hungary, Greece, and Turkey. 

France holds the first rank. The principal French wines are 
white and red ohampagne, white and rod Burgundy, white and 
red Modocs from Bordeaux, Bhono wines, and wines from 
Languedoo, Bonasillon, Orleans, Alsace, and Corsica. The infe¬ 
rior white wine of Bayonne, and Bordeaux wine, pass under 
the name of Frenoh wino, inn ordinaire. 

From Germany we receive the colobratod Bhine wines, so 
called from their place of culture—tho valley of the Bhine and 
its tributary streams; wines from tho Palatinate, prinoipally 
from Bhenish Bavaria; wines from the Bavarian province of 
Lower Franconia ; Moselle wines from Bhenish Prussia ; and 
Tauber wines from Baden and Wmliomburg. The chief places 
for these wines are Mayenoe, Coblontz, Frankfort-on-the-Maino, 
aad Wnrzbnrg. 

The vine is cultivated to some considerable extent on tho 
Danube in Lower Austria, also in Tyrol and Dlyria; but tho 
exportation is smidl. Moravia, Silesia, Bohemia, and Saxony 
grow inferior wines. Artificial champagne is made in many 
parts of Germany, especially at Esslingeu, Stuttgord, and 
Mayenoe. 

Tlte best Swiss wines are the Eyff wines, from the Canton do 
Vaud, the Vin de lit e6te from tho shores of Lake Geneva. Of 
Hungarian wines, Tokay is the chief, and is largely exported 
to Moravia, Silesia, Poland, and PruMia. Of Spanish wines, 
Malaga and Alioanto are the moat valued, and oallod after the 
names of the plaoes ivhioh export thorn. From Oporto in 
Fortngsl wo receive red and white port wine. Humorous 
varieties of Italian wines come into commeroe. Europe also 
obtains Madeira wine from the island of Madeira, on the north¬ 
west coast of Africa; Cape (Constantia) wine from the Cape of 
Good Hope, and palm wine from tho East Indies. Young and 
inferior wines, and tho lees of wine, or the sediment at the, 
bottom of the wine-vat, are used in the manufacture of cognac,' 
or French brandy, and vinegar; those oome mto the market 
from Bordeaux. 

In 18fi7 the import of wines into the United Kingdom 
•mounted to 15,442,581 gallons. 

B tam (Humuliis Ittpulus, L.).—^The hop vine, so well known 
in msgliuid, is a native of Europe, and probably also indigenous 
in Horth Amerioa, as it haa been found growing apparently 
wild on the bonks of the MusisBippi and Miesoun. It is exten¬ 
sively cultivated for its strobiles or oones, so large^ employed 
i n th e preparation of malt liquors. These strobUes, at female 
OBtUai, whm fully ripe, mre pinked from ^e viiiee, dried in 
kilni, and packed in haos. Hops consist of thin, tiwudtMont, 


veinod, leaf-like braota or scales, of a groeniah-yellOW oolonr, 
having near,their base two small, round, dark seeds. Hops 
are somewhat nareotio and their odour fragrant, the taste bitter, 
aromatie, and slightly' astiringent. These properties are ov^g 
to the presence of a peonliar resinoas secretion in the glands,, 
which has boon called “ lupuUne.” Ale and porter owe their' 
bitter flavour and tonio pf5fWl*Hi61) to the hops added to them’ 
daring tho process of brewing—about one pound of hops being, 
added for every bushel of m^t. About 550,000,000 gallons of' 
ale and porter are annnally brewed in this country. Tho 
importation of hops in 1867, ofaiefly from the Hanso Towns, 
Holland, Bulginm, and the United States, was 975,168 cwt., 
as compared with 1,133,131 cwt. in 1860. 

VI. PIiANTS PBODUCINO WHOLUSOUI! AND NDTEITIODS FUDITB. 

The fruits of commerce ore very numerous and interesting. 
They oomo to us from almost ovoiy olimate and country; an 
immense amount of shipping is engaged in bringing tiiem 
across tho boos, and employment is thus given to hun^eds of 
thousands of peoiilo. Besides furnishing ns with nutritious 
food, these fruits give us much novel and intorosting informa¬ 
tion in regard to the economy of vegetation in foreign oountries. 
They are arranged naturally into two divisions, viz., fleshy 
fruits and nuts. 

(O.) FLESHY FBHITS. 

Of these one of tho most important is the 

Sweet Oranoe {Citrus awmtiwm, Bisso ; natural order, 
Auronfioeete).—Tliis is one of our commonest foreign fruits. 
The orange-tree is a medium-sized evergreen, with alternate, 
bright-green, eOlpticol, pellnoid-glandular leaves, furnished with 
winged foot^lks; tho flowers are white, and very fragrant. 
Both tho ripe and unripe freits are frequently seen on the tree 
at tho same time along with the flowers—their presence amongst 
tho foliage being truly ornamental, and adding greatly to its 
beauty. China is generally considered to be the native country . 
of the orange-tree, whore it still grows wild. It is said to have 
boon brought to Portugal in 1520, and thenoe it has been trans¬ 
planted into every country possossing climate suitable for its 
cnltnre. It is now grown in Cliina, Portugal, India, Northern 
and Sonthem Africa, Sonthom Europe, Turkey, the islands of 
tho Mediterranean, tho Azores, tho West Indies, and tite 
Southern portion of the United States. , 

The oranges importoil into this country oome chiefly from 
tho Azores, Lisbon, Malta, Italy, Sicily, and Spain, in boxes and 
chests, and grow in those countries in the greatest iirofnsion. 
It is said that a single orango-tree in St. Michael's has prodnoed 
a crop of 20,000, exclusive of those unfit for usu, calculated at 
10,000 more. In 1866, 1,711,857 bushels of oranges and 
lemons wore imported into tho United Kingdom, valued at 
.4889,238. 

The rind of tho orange yields by distillation a flagrant oil 
much used in perfumery; a still more agreeable oil, with whufii 
cau-do-Cologno is perfumed, is distilled from orange flowers. 
Tho rind is also boiled in sugar until it is candied, and thus 
converted into a sweetmeat. The orange oontains much soo- 
oharine matter and mucilage, forming on agreeable acid, and. 
hence is wholesome, oooling, and refreshing to the sick, especially 
in coses of ^ever and inflammation. 

The Bitter or Seville Obanoe {Citrus vulgaris, L.).— 
This species closely resemblee the sweet orange, but is easily 
distinguishod from it by the form and bitterness of its fruit. 
These oranges are chiefly used in making marmalade, l^e rind ' 
has a place in the British Pharmacopoeia from its quahties as • 
tonic. 

Citron {Citrus medica, L.).—This kind closely approaches 
the lemon-tree in appearance, with which it has sometimes been 
confounded. Tho chief differences are its naked petiole, Its 
greater number of stamens, and the superior tluckness oflttiio 
rind of its fruit. Tho fruit of the oiti-on sometimes attains a 
very gfreat size, weighing upwards of twenty pounds. The 
oitron itself is not eaten, but the thick rind is much used as a 
preserve, and roaches England either already candied or else 
piokled in salt and water for the pnzpoee of bring candied on 
its atrivaL Wo rooeivo annually from Madeira about seventy 
tons of this preserved rind. An essential oil {Oleum eitronella) 
is obtained feom tho rind of the citron, very &^|rant, and smoli 
ussd in pwfumsiy. 
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TECHNICAL DRAWING.—XIV. 

DBAWINa FOB JOIBBBS (miUtniud). 
jE^as. 145 Mid 145, oombined into one view, are two dangne for 
wooden gates, and are so simple that they will saoteely require 
any. instraetionB as to oopying. 

The posts m and n are, of coarse, to be drawn first; then the 
base, k, and monlding, 2; next the framing, a, 2i, c, d, of each 
gate. 

In Fig. 145 the rail, e, is to be drawn next; and in the npper 
oompertments the qnatrofoile, g, and in the lower, tho bars, h, 
and cnrred stay arc to bo drawn. 

In the rectanglo formed by tho framing in Fig. 14G draw 
diagonals, and at their intersection the circular opening. Now 
draw the cross-framing, op, and the vertical bars. The details 
will then be added without much difSonlty. 

aOTHIO TBACBXtT. 

Although, as has already boon stated, the whole subject of 
Gothic arehitocturo, in both stone and wood, will be treated of 
in special lessons, 
still a few examples 
of tracery ore given 

here, knowing that IpL ' Pipits. ^ 

the joiner is often || I ' T 

called upon to put ^ X 

such togetlicr on 
panels in churohes [ 

or mansions, and .. . T?„ , ^ 

that a knowledge ® ■ 

of the basis of tho 
construction will bo 

of service to him. ^ 

The limits of the oTinnninni^sis 

prosmit oontse of I ^ ■ i 

lessons, however, | r ^ ^ 

utterly preclude a i j 

gystematio troatieo < P 

on the eharaoterie- d j d 

ties of the several 

periode of medimval , f 

art. Those exam. | 

pies will, however, 'i ^ 

in some degree pre- f 

pare the pupil for 
'the Bubseqaeiit and |H 

more extended HI I I 

•tudy. M Jj 

Fig. 147 ie the 

elementary figure . i i i 'in.*. ' ' ' I 

open which iho sub- 11 ■ 

sequent design is -II ■ 

baaed. 

Having drawn 


and E, and the tftngent in tiie point t (and in another not ghrpk 
here, not being required). 

Bisect the angle E F a at Jr, and produce the bisecting Un» 
until it outs A a in h. From o, wi^ radius o H, out the linea 
D a and e n in i and J. From B, t, and s, with radius H A, 
draw ^e three required curcles, each of which should touch thei 
other two and the outer oirole. 

Betnming uow to Fig. 149, having insoribed Gtree equBl 
oiroles in a cirde, join their centres, thus forming an equilateral 
triangle. From the oentre of the surrounding oirole draw radii 
passing through the angles of the triangle and cutting the> 
circle in points, as d and two others. Draw e d, and bisect it by 
e < 7 ; then the centres for tho curves which ore in the semioirble 
will be on the three linos de, eg, and c e. 

Those curves are called foliatiwis, or featheringt, and the- 
points at which they meet ore called cusps. 

The completion of this study is given in Fig. 151. 

Fig. 150 shows the elementary ooustruction of Fig. 153. 

Draw two diameters at right angles to each other, and jom 
their extremitieB, thus insoribing a square in tho circle. 

Bisect the qnad> 
rants by two dia- 
meters ratting the 

S Fig. M6, ' sides of 'the square 

“• I . I in points, as p. Join 

V , those points, and a 

^ —.11 ' I gagBsaa .- . . . j ' second square will 

jWiiHBPJBIJBIPjJBBBiM be inscribed within 

7! ^ ^ 1 - -75 =3 the first. 

Tho middle pointa 
■ i# sides of this 

^1 I W inner square, as 

^ 

'*1 I eentros of the ores 

\ I ^ A which start from' 

' ' fpA' extremities of 

A ^ /! tho diameters. 

V M I From \ ■with' 

i radius bd, describe 

JBIl an arc, and from p, 

with radius g c, 
K 'V desoribo another 

f ^ ^ X ’ cutting the former 

I k ^ one in e. Then o 

ff ^ is the centre for 

I ^ the arc i g, which 

I will meet the are 

I I 1 ^ ^ struck from 5 in t. 

. ^ Of course, titiis pro- 

assJ, cess is to be oarried 
on in each of Gie 
four lobes. 

-* Big. 158 is the 

oompleted figure. 


the oirole, describe on the diameter two opposite eemioiroles, 
meetiiig at the oentre, a. 

ZMvide one of those into eix equal xMvrts, and eet off one of 
these dEths from i to n. 

Draw a n, and divide it into four eqnal parts. From the 
middle point of a n draw a line passing through the centre of 
the eemioirole, and onttiug it in e. From e set off on thk lino 
the length of rme the fourths of a w. 

This point and the two in an will be the centres for the 
interior ourves. 

Fig. 14fi is the farther working out of this elementary figure. 
It is desiiable that a larger cirolo should be drawn. Then, when 
the figure has been eanied up to the stage shown in the last, 
all the reet of iho ourves will be drawn from the same oentree. 

Fig. 149 is the dementaiy form of the tracery shown in 
Fig. 151, and is baaed on the problem, '* To inaciibe three oqufd 
I oiraes in a oirde” (in ** Fn^oal Geometiy applied to Linear 
• Drawing”), whioh, in order to save the etudant the trouble of 
ssferenoe, in the event of his not being quite certain os -to the 
oonelraottott, is here repeated in oooneetion -with Fig. 162. 

At any point, as a, draw a tangent, and AO at ri^t angles 
ton. 

BVom A, with radius o A, out the eirolt in B and a 

From B and c draw lines through o, outting the eirde in » 


The metiiod of drawing the foliation will have been suggested 
by Fig. 148, and is former shown in the present illustration. 

Fig. 154 shows the skeleton lines of Fig. 155. Divide the 
diameter into four eqnal parts, and on tho middle two, as a 
oommon base, oonstraot the two eqnilatraal triangles o i n and 
otm. 

Draw lines through the middle points of the sides of the 
triangles, whioh, interseoting, will complete a six-pointed star 
in the oirole, the angles of whioh viU be the centres for the 
main lines of the traoery. 

Fig. 155 is tho oompleted figure. 

The small figures, 156 and 157, 'will be understood -without 
furthor instruotion than is afforded by the examples. 

Fig. 158 shows the oonstraotion of the tracery in a sqnara 
panel. 

From each of the angles of the square (the inner one in tins 
figure), with a radius equal -to the length td -the side ci tite 
■quote, deeoribe aroe; these interaeotiug will give a four^ided 
ourvilinear figure in the oentre. Draw diagonals in the equaie. 

From the pointbidiere the diagonal intmnoota the enrve (the 
middle line of the three shown in the figure) set off on the 
diagonal the length h m equal to 5 a 

Fran g, with mditui describe an ore o m r, outting tha 
■esigiaal SCO • in o> 
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Make m r equal to m «. 

o aod r, with radiua o r, deacribe area iuteraecting each 
other in i: extend iheao until they meet the ourro j> in n and a. 

The tdliatioa and eompletion, aa per Fig. 159, will now be 
fonnd simple 

Fig. ISO is a qaatre{(^, and Figi 161 a oinqnefoil, the con* 
struotioa of which haa been fully deacribed in “ Praotioal Geo¬ 
metry applied to Linear Drawing ” (Figs. 26 and 41). 

Fig. 162 is given as a closing illnstration of panel traoeiy ; 
and it ia hoped that, with the inatmotions already^given, and 
the elementary fignrea 163 and 164, the student will be able to 
draw this example without further aid. 

We shall in the next number commonoo a series of leBBcms in 
Drawing for maohiuiats and engineers. 

BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

VI.-SIB BOBEET STEANOE. 

BY JAMBS QBANT. 

This eminent artist, the father of lino engraving in Groat 
Sritoin, was bom on the 14th of July, 1721, in the island of 
Fomona, the principal of the Orbeys. He was lineally 
deaoendod from Sir David Strange, or Strang, a younger son 
of the laird of BaloMkio, in Fifeahire, who hod aettied in those 
hleak northern islea at the time of the Beformation in Scotland. 
Under tho oare of Mr. Murdoch Maokonzie, teacher in Kirkwall, 
he roeoivod a oloaaioal oduoation, and probably a knowledge of 
drawing, os hia tutor has rendered good aervioe to hia country 
by the aoonrate aurveya ho pnbliahad of the Orkney Isles, and 
of the British and Irish coasts. Yonng Strange was destined 
by his family for the study of the law; but, disliking the 
monotony of the profession, ho shipped on board of a man-of- 
war, and Bailed for the Mediterranean. However, ho soon left 
the aea serviee, hia great talent for sketching having shown 
him tho propriety of making Art hia study aud oocnpation. On 
Ua return to Sootland aomo of hia Mediterranean sketohes were 
diown to Mr. Biohord Coopor, an engraver in Edinburgh, who 
at onoo took him as an approntioo, and ho soon made rapid 
progress in the arts. Ho felt that now he was, for the first 
time, in the line of life for which Kature destined liim; but an 
interruption, for a time, was at liand. Ho was busy at his art 
on his own aocount, whan in tho month of September, 1745, tho 
Highland fproes of Prinon Charles Edward took possesaion of 
Edinburgh, and blockaded the fortress. Strange had keen 
Jacobite predileotions, all tho more so that he had formed an 
attachment to a Miss Lumsdon, sister of Andrew Lumsdon, a 
Stuart partisan of note, who long afterwards formed one of 
Charles's oxUed household at Borne, of the antiquities of which 
eity ho published an aooonnt. Those cironmstanoes, together 
with his local fame os an engraver, pointed him out as tho 
most suitable person to undertake a print of Charles for his 
adherents and admirers ; and while employed on this work, his 
house ia Stewart’s Close was tho doily resort of the chiefs and 
offioers of the revolted clans, and of all tho ladies of high rank 
who were attached to their oanse. Tho princo’s portrait is still 
entitled to praise, but when nomplotod it was regarded by tho 
Seottia^ Jaoobites os a miraolo of art; yet to possess this por¬ 
trait was onoe in itself treason. It was a hslf-lent^h, in an oval 
ftama, placed on a pedestal, whoreon was engraved the legend, 

" Bvarso missas sacaurrare sBclo." 

A* a reward for this service ho was offered a place in the 
^ woe department of the prince, but prMerrod an appointment 
in hia life Guards—a body of horse commanded by Eloho, 
olad in blue fooed with t^, and with these ho served through¬ 
out that romantio and dMqjerate oampaign. He was in tho 
advance to Derby, and at the viototy of Falkirk; and when 
tiding along the ahore, after the battle, had a narrow escape, as 
his aword was broken by a ball from a king’s ship a littie way 
out in the Ftiih of Forth. After the final defeat of the few 
^urgent tions at Cnllodea, ho was obliged to oonoeal himself 
for many montiu among ^ Highland mountains, where he 
ofidored great hardships; bnt on the vigllanoe and omelties of 
^Whsoment toning down, he ventni^ book to Edinburgh 
wd aonghi mbsiatenoe by aeBing hia prbita of the favourite 
Jaoohita leaden who were in t^le, and of tiioae who had 
peiUwd on ihe field or scaffold.. 


In 1747 he married Miss Lnmaden, and they prooeeded 
together to Loudon; from thei^ they went to Borne, where 
many fugitive Scotch gentlemen, Me oomradea in the late< 
struggle, were at that time residing, and there he obtaoned' 
the honorary prise given by the Academy. After this Strange, 
went to Paris, where he prosooutad hia studies under the dia^ 
tion of Le Bas, from whom ho had tho first hint of the nae of 
the instrument known as the dry needle, which he afterwacda so 
greatly improved by his own genios. 

The year 1751 fonnd Mm in London, and settled as an 
engraver. He devoted himself almost entirely to hiatcaioal, 
religious, or classical subjeots, wMch bo execute in a manner 
so masterly that he soon attraoted oonsidarable notice. As 
historical engraving bad at that period made little or no 
progress in Britain, ho may justly be deemed as also being tho 
father of that most difficult department of art. In 1759, Mr. 
Allan Bamsay, a Scottish artist (son of the poet of the same 
name), now intimated to him that it would bo agreeable to the 
Prince of Woles and Earl of Bute if he would undertake the 
engraving of two portraits he had just painted for those 
eminent personagoa. Mr. Strange, whose heart was still with 
the exUod Stuarts, doblinod, on the plea that he was abont to 
start for Italy; and ho is said to havo thus lost the favour of 
the royal procoptor, wMch was afterwards of groat disadvantage 
to him; though the king, at a future period, approved of hia 
conduct, on the ground that tho portraits, which were after¬ 
wards engraved by Byland and WooHott, “ were not worthy, aa 
works of art, of being commemorated by Mm." 

He hod been long oiudous to visit Italy, the seat of the firm 
arts, a second time; and in 1760 he sot forth on his tour, in 
tho conrso of wMoh ho made many drawings, which were after¬ 
wards engraved. While in Italy, he was obosen a member of 
tbo Academies of Borne, Florence, and Bologna, and was made a 
Professor of tho Boyal Academy at Parma, while at the same 
time ho was elected a member of the Boyal Academy of Point¬ 
ing at Paris. His portrait was introduced by Boffanelli, among 
those of other distingniahed engfravers, into a painting on the 
ceiling of the library in tho Palaoe of tbo Vatican, whoro 
engravings ore stored np; and he was permitted to erect a 
scaffold in one of tho rooms of tliat princely dwelling—an un¬ 
usual honour—that ho might mako a drawing of tho " Parnassas*' 
of Baphael—“ a favour not granted for many years to any 
petitioning artist." Tho Pope assigned Mm aportmonte for 
Ms own UBO while 'engaged in tMs task; and tire King of 
Naples conferred a similar honour upon Mm when he wished to 
eopy a oelebrated painting by Sohedoni. His drawings were in 
coloured crayons—an invention of his own—and subsequently 
prints on a magnificent scale wore pnblisbed, from nearly fifty 
of the paintings ho hod thus copied in Italy. Among them may 
bo mentioned; “ The Beturn from Market,” by Wouvermana; 
" Cupid,” by Vanloo; “Mary Magdalene;” “ Cleopatra;” “tho 
Madonna;” “ tho Angel Gabriel;” “ the Virgin with the Child 
asleep;” “Liberality and Modesty,” by GMdo; “Apollo re¬ 
warding Morit and punishing Arroganoc,” by Andrea Soochi; 
“Joseph and Potiphar’s Wife,” by Guido; "Charles I.,” by 
Vandyke. 

Tho aabsoqnont hie of Strange was spent in Londm, where 
—owing to hia Soottish birth and Jacobite sympathies—ha 
did not find Court favour until 1787, when ha was knighted by 
George HI. A letter by him to the Earl of Bute, refiecting on 
some instances of persecution which he thought wero teaoeable 
to that nobleman, appeared in 1775, and was prefixed to 
an “Inquiry into the Bise and Establishment of the Boyal 
Academy of London,” which was dra-wn from Ms pen by a lnw 
of that institntiem passed against the admission of engravings 
into the exhibition. Prior to tMs he had published “A Deaorii>- 
tive Catalogue of a Colleotion of Pioturoe “ selected by him on 
the Continent. An authentic list of all Ms engravings will be 
fonnd in the seventh edition of tho “ Enoydopndia Britamdoa.” 

Snoh was the chequored and busy life of our first line eif> 
graver; and after fifty years apent in the active exerciae of his 
professional talents, he died at an aathmatioal bomplajpti oo 
the Sth of Juty, 1792, in the seventy-first year of hia age, and 
was interred in the elrarohyard of Covent G^en. Besides his 
widow—one of thoee ladies who had seen the white cockade difr 
trlbuted at the Cross of EdinburghT-he left a danghter and 
tiaae sona. “Sir JBobert Styaage has been cteaetib^ by hli 
Bnrvhiag fidends aa ana of tim moat amiable and virtiim «( 
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men, arhe wu m^nestionablx wnong the most able ia bia own 
.peonliai walk. He was nnaaanming, banevdlent, and liberal, and 
'bia indnatty waa aa remarkable aa bia talent. In the coldeat 
aeaaona,' when health permitted him, he went to work with the 
|dawn, and the longest day was too short to fatigue his hand, 
blren the most meohanicul parts of his labour he would gone- 
rally perform himself, ohoosing rather to undergo a drudgery so 
unsuitable to his talents than trust to others.” 


AGRICULTURAL DRAINAGE AND 
IRRIGATION.—V. 

By IVof. WmeimoK, Boysl AgrioDltiusl Collage, Cirencester, 
MOM PtOnOH—DjeAININO TBUKCH—BBAINlNa TOOM, KTC. 
Ik the last lesson we oonsidered two methods of draining land, 
associated with the names of EUdngton and Smith, of Dean- 
stone, and concluded by giving a brief sketch of the materials 
used in forming underground channels. Such materials arc, 
however, not always necessary, as it is possible to ensure a 
sufficient channel for water without their introduction, and 
also, in some cases, to dry land by open ditches. The lost 
method of drainage need not detain us. Were wo thoronghlv 
to disonss it, we should be led into a very wide subject, on? 
bracing the surface drainage of upland pastures, the drainage 
of woodlands, where underground channels are not praoticablo, 
owing to the far-soarehing and insinuating character of the 
roots, and into the whole question of Reclaiming marshes and 
fenny tracts. Under all those circumstances open ditches are 
used, and are oocasionally of sneh magnitude as to resemble 
rivers and aanats rather than ditches. Steam power is in snob 
oases brought into requisition whore the natural fall of the land 
ia not sufficient to ensure an outfall, and the work assumes a 
magnitude requiring great engineering skill and a large ex- 
penditnio of labour and oapiU Wo must leave the cun- 
■idetation of such enterprises from sheet want of space, and 
restriot ourselves to mom ordinary drainage operations. 

With referonoe to the formation of underground channels 
without the use of tiles, stones, or any other material, two 
practices prevail. First, we have the mole-plough forcing 
its way throngh a tenacious clay, and leaving a hollow channel 
like the path of the animal after which it is named. Secondly, 
we have the drainage of peat, efFeoted by leaving a space at the 
bottom of a ticnoh. 

Draining by means of the “ mole-plough ” is principally used 
in pastures resting upon a tenacious soil. It may also be em¬ 
ployed as a means of drying arable land of similar character; 
but owing to the foot tliat such draining ia necessarily some¬ 
what shallow, and that arable soils are subjected to consider¬ 
able pressure from the passage over them of horses and tUlage 
implements, it follows that in their ease a deeper and more 
permanent system is desirable. 

Cheapness is the prmeipal indneonient for undertaking this 
work, the total cost being from .£1 to .£1 8 b. per acre. The 
< 9 eration ia oSeoted by what may be termed a plough furnished 
with a stout coulter. This coulter, which is lot down into the 
ground to the required depth, say thirty to thirty-two inches, is 
terminated by a*oonioal or egg-formed piece of iron. The 
eonlter outs terough the soil, and, after the passage of the im¬ 
plement, the eorte again oloses together, leaving ilie open 
dhannel, at the above-mentioned depth, caused by the passage 
of the “ mole.” The implement may be drawn by stosm power, 
or by a wire rope wound aronnd a capstan, on the headland. 

Feat when drained is always liable to sink. Thus, at the 
November meeting of the Fanners’ Club (1870), Hr. A. S. 
Boston, of Aylesby Honse, Chatteris, infomed his audience 
that the surface of Whittlosoa Here is seven foet lower than it 
was oghteen years ago, when the drainage works were com- 
i B s ao0d; and that “in the ‘Hiddle Level,’ on all our old- 
drained lands, we find the labsidenoe ia still going on at the 
rate of an inoh per year.” While such a change of level is 
taking plaoe, it would bo unwise to adopt pipe-<baining at the 
omal^pths, aa the lowering of the snrfaoe would aubjeot the 
dtabia to injury from the treading of'hotaes. The following 
plan ia therefore uaad:^—^A trendi is dug, thirty inohaa deep smd 
twrive iraffiea wide at^e bottom. A narrow grafting tool (Fig. 
,4) is now used to deopen the izenoh, in a«oh a manner aa to 
laaru ahonldera on eiiber aido of the deepeiiad pcatioB. Thia 


is made plain by referonoe to Fig. S. The sbd taken from 
the surface is made to rast upon tee shoulders just mentioned, 
and thus a hollow space is left as a drain. The trench is 
now filled up, and the work is complete (Fig. 5). In other 
oases, artificial channels are cat out of the substance of the 
peat by a tool constructed so as to form somi-oylindera of peat, 
which, when applied together and laid at the bottom of a 
trenoh, make a fair drain. 

We have in the next place to consider the work of drain¬ 
age as carried ont npon the principles laid 'down by Hr. 
Smith of Doanstone. The tools with whioh the work ia 
performed are worthy of oonsidemtion, and after brieity 
describing them we shall pass on to the consideration of tho 
work itself. A lino for marking off the work will bo the 
first requisite in carrying ont drainage work. Tho drainer will 
also reijuire an ordinary spade (Fig--?), whioh need not bo do- 



soribed. Tho romainirg tools for making the trench consist of 
two grafting tools (Figs. 4, 6). Theao are so designed as to 
eoonomiso the amount of ground removed to tho greatest pos¬ 
sible extent. A glance at the sketches in the next poge will 
show how tho snooessi VO use of the spade and grafting tMls must 
form a narrow trench, gradually decreasing in width with the 
breadth of tho implements, until it is about four inohes wide at 
tho bottom. A shovel for paring and smoothing tiio sides (Fig. 
7), a pickaxe for removing land-fast stones or cutting tbrMgh 
rock, a “ swan-nocked” shovel tor removing small fragments of 
earth and levelling tho bottom of the trench (Fig. 8), a pipe- 
layer or wooden shaft, with a piece of iron at its extrendtj 
turned at right angles to the direction of its length (Fig. 9), a 
spirit-level, a drain-gango for testing the depth of the trench, 
and a few boards and struts to snpport the sides of the trench 
whore the ground happens to be of a very soft character. Snob 
will bo the most neoesaory tools with which to start the work of 
drainage. 

Wo have now explained tho benefits of tho drainer’s art, 
discussed the water economy of tho soil, the best materials 
for constructing nndargronnd channels, and the work-tools 
required for carrying ont tho necessary operations. We pro¬ 
ceed to tho practien, first asking. How can we determine whethw 
or not a field toqniros draiiiiiigp Indioations are nnmerous, 
both in tho ease of arable and of posture lands. In the case of 
the former, wetness is indicated by the difficulty of working the 
soil for considerable periods after heavy rains have fallen. The 
ground cuts, or turns over from the plough in compact slices, 
whereas in contiguous and drained soils of similar quality the 
furrow is more friable, crumbling down after tho passage of 
the plough. 'Tho undrained farm, therefore, cannot compete with 
its drier neighbour in the gfrowth of root-crops, to which a fine 
tilth is absolutely nooesrary. Snow, too, has been observed to 
lie sooner and longer on undrainod than on dry soils, owing 
to the difCeronoe in temperature between the two. When the 
drying Horch winds sweep over the conntry, the dry land 
speedily becomes white and dusty, while wet land keeps itt 
black wintry colour, and oontmnes uninviting to the sower. 

Wet spots on hill-sides are indicated in tho same way, and 
these ap^ may bo identified all through summer by stunted 
herbage, defioient ears, and blighted grain. In the case of 
pasturee, wetness is shown by Bponginoss under foot' and a 
peculiar bleached appearanoo in thp spring, when more taTonred 
pastures are assuming a bright-green colour. The presence of 
eedges, rushes, and mosses all point in tho eamo direction, and 
show that drainage is nooessury. Accompanying these appear^ 
ances in the land and herbage is a defeetive state of healtii 
in the live stock, and the prevalence of “ quarter ill ” among cattle 
and rot among sheep. Having then eapposiSd' a farm ezUbiting 
such indications, it is high time to rffiieve it of its enper- 
abnndoaoe of water. 

ThefirattliiiigtobeMoand is » goodootfUL ' This will be 
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fl»d npon in Moordanoe mih fhe Rlope of the gtoimd and the 
nuauB of obtaining egreas for the vater. We anome the 
eiutenoe of a mutable bedr, ditdi, or rivolet eoffioient for onr 
jmipoae, and endeaTonr to eeleot a eonnd portion of the bank 
hl^lpil 7 plaoed for reoeiring the oontonte of onr main’daun. 
This follows the line of the field’s greatest depression. The 
fnrrow-dtains flow into it, either on one or both ndes, aooording 
to tiie oontonr of the gronnd. Where the slope of a field is 
aridently in a oertain direotion, all this is easily arranged; but 
where the fall is slight the eye cannot be trusted, and the 
"teral'’ must bo nsed. One yard in every 220 is an ample 
fiQ.* Having decided on the direction of the main and farrow 
dnins, oar next bnsinosa will be to distribute tiles in small 
luaps at intervals along their proposed paths. Next, the work 
is eommenoed at the outfall by m arki n g out with a line, and in 
the ease of pasture land oorofolly removing the sod, and depo¬ 
siting it on ono side. In arable 
land, the track of the drains 
may bo marked ont by the 
plough. Whichever method bu 
decided npon, the aultivated soil 
or sod must be deposited npon 
one side, and the lower and 
lose important soil npon the 
opposite side. The work com- 
menoea at the outfall, repre¬ 
sented in Jig. 10, One man 
steadily works backward, taking 
ont the first spade’s depth. 

A second labonrer then com¬ 
mences at the outfall, stand¬ 
ing in the trench niado by 
the first man, and also work¬ 
ing backwards, nsing the first 
guStiag tool. A third men 
now commences at the ontfall, 
with the bottoming tool, and 
taking ont the last gruff. Thne 
the work progresses from the 
ontfsll against the slope of the 
land, and in this way a olean- 
ost trench of nnifoim depth and 
width is excavated, the bottom 
being made imootb and level 
witii tile scoop or swan-necked 
ahovsL 

The depth of the drains, 
and the distance between the 
fortow-draina, are important 
(jnestiens in oatrying ont the 
work. With reference to depth, 
ire noommend to 4 feet as 
fsf&oisnt under ordinary oir- 
OBmstfmoee. It is, however, 
sot anoommon to find the 
atrata of a field so arranged that 
a gnat advantage is seonrod 
by sinking the drains somewhat deeper. Mr. Giidwood writes 
as Mows npon depth and distances apart of drainsI find 
it neoeiaaiy to dnin from eight to ten yards apart on the 
Wstld and Oxford olays ; at from ten to twelve yards on the 
clays of the Bed Sandstrae, whore there is a nniform so-oalled 
homogeneous oloy eubsoil. In such oases the nsual depth I 
empl^ is 4 feet for the minor drains, and 4 feet 3 inohes for! 
the msina. ... la some of the gypasons days in Dmrbyahire 
and StaflOrdehin I have gone to gt^ deptha In one case, at 
Sudbury, the seat of Lo^ Yemon, I have drained about fc^y 
aeres at a depth of from eight to deven feet. The dia^ are 
abety-siz yards apart, and have been perfectly sacoessfal. I dng 
down at a dry time, finding no great nisb iff water till I got to 
about right feet. It then began to flow, and at ten feet it rash^ 
in with Budh foroe that the man had to be hanled op.” Mr. 
Stqilms, in bis “ Book of tite Jana," eoys—“With regard to 
tirn distanae between drains in a partially impervioos subsoil, 
flftein is as grsat a distasos as a tiase-feet drain eon be 

* " -■ ' - n .-r jii- --- 

' • oWatsr wfil flewiu Isite rimswUhafhflof timeinshM ins 
^ssaa* M.« t»i r t ami, tisydffsrimdtsKl SwiMy (Vri. 17.). 


expected to draw, and in tome oaeea I have no doubt that a 
four-feet one will be required.' In more porous matter a tiaeSf 
feet drain will probably draw twmty tset with as great, if not 
greater effeot; and in the ease of a mouldy deep so^ resting on 
an impervibns subsoil—which is not an uncommon combination 
of soils in the tamip distriots of this oonntry—a drain passing 
through the mould, and resting perhaps three or four inches in 
the impervions olay—^whioh may altogether make it four feet 
deep—^will draw, I have no doubt, a distance of thirty feet. 
More than thirty feet, I would feel exoeedingly reluctant to 
recommend drains being made, nnless the circumstanoes were, 
remarkable.’’ Furrow-drains, it is maintained, should not be 
more than 200 yards long; and if the slope down which they 
are brought is of much greater length, it 'will be odviBable to 
break the distance—by running a main-drain across the lino of 
slope, BO os to carry off half the water—and to complete the 
drainage of the slope with a 
new series of farrow-drains. 

The direction of the main- 
drains has been snificieutly indi¬ 
cated. That of the fnirow- 
d|ains onght, as a rule, to follow 
the line of greatetl slope. Snoh 
is the plan enforced by Qovem- 
ment Inspectors of Drainage 
where the work is assisted by 
Government grants. In other 
cases, whore the owner has full 
liberty to follow any plan that 
pleases him, it may be worth 
while to de'viate slightly from 
this general rule when the old 
watcrooursos diverge from the 
line of greatest slope. A mth- 
less disregard to the path of old, 
long-nsed furrows has often 
been followed wirh mischievoni 
oonsoqnonoea. There are, in¬ 
deed, drainers who advocate 
crossing the lino of greatest 
slope; bat it may be readify 
shown that for a drain to exert 
its action equally on both aides, 
only ono direction is possible-^ 
that of greatest slope. 

Draining is a winter operation, 
and the work may be serionriy 
impeded by heavy falls of tain 
or snow, ft is for tins reason 
that the work most be eompleted 
as it proceeds. No sooner ia 
the trench opened than it mnst 
be prepared for the reception of 
the tile, by levelling the bottom, 
and making sate that water 
will be able to run down tiis 
trench witiiont intermption, A 
praotiool mode of testing this is to empty a backet of water 
at the head of tbs troiob, and watch ita coarse, kcij smidl 
obstraction or boUew place may then be dealt with so as to 
onsura a perfect fall. The next point is to lay the tile. lUa 
work is nsnoUy oommitted to a saperior man, or the foreman 
of the work, who, while be lays t^ pipes, must see that the 
trench is satisfaatoiy in depth and levelnesB. Tiles moat ba 
laid and covered in up to the point where the work oaoM, end 
the last tile laid should be stopped with a wiap of straw to pre¬ 
vent the entranoe of anything whieb may obstmot the poeiagt. 
Every tile dtonld be p^eot, and nnwortby oum onght to be 
tbroroaride. In the Mying of main-drains, tileeihiee inohes Is 
diameter are in general nee, and two-inoh tiles are enffiount for 
forrow-drainB. lie fnrrow-disins ate oonatrootad upon the 
same principle as the mains, core being taken that tim jtmation 
with the maina ie seonre perteot. No two forrow^draine 
should open into tite mrin exa^ opposite to each otiisr, as 
snoh a oombhtation wonld be a canie of weakness in tiie main 
obsnnsL Mrin-dtaias also should be flaw inrites dsepettiias 
the fnnow-ritanaela, so that t nqdd fall say be given at tha 
eenfl n eue e ef tiw tw% 
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PRINCIPLES OP DESIGN.—VI. 

■Pf CBaan»PH|tB DKESsas, Pii.C„ F.L.S., stio. 
kabhohixs asd cortbabts or 001.OUB (cowtimued). 

In my Uet chapter we oonunenoed tiie oon8idBratio& of tiio har- 
moniee aad oontrasta of colour, and eet forth the laws goTeming 
its application to objects by axioinio propositiona; and the prin¬ 
ciples taught in these'axioms were illustrated diajptunmatiaally. 

With the Tiew of oantinuing this diagranunatia form of illus- 
itation, and of impressing upon the mind the statements made 
in my former chapter, and with the further riew of familiaxiaing 
my readers with this mode of study in the hope that they may 
apply it to my essays on the Tations manufactures, I shall make 
manliest the quantities in which the various colours harmonise : 
thus.— 
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To those who are about to practise ornamentation, it is very 
important that they have in the mind’s a tolerably aoontate 
idea of the rolaiiTe quantities of the various colours necessary 
to harmony, even where the colours ate considered as existing 
hi a stete of absolute purity. We have rarely, however, to use 
the brightest blueB, r^, and yellowB which pigments furnish, 
and even these ore but poor representatives of the potent 
oolouTB of light qs seen in rainbow, and with the agency of 
the prim I neve^dsMB, a knowledge ^ the quantities in which 
these pure oclours harmonise is very desirable. The proportiona 
in which we have stated ttmt oolenra perfeotityhamoniae, and in 
which the inimaiy odours oombine to fonn ^ seoandatieB, a^ 


the secondaries the tertiBzies, are given in respect to the odours 
of light, and not of pigments or paints, whioh, as we have just 
said, arc mote or less base representativea of 'Aa pure ooleuxs of 
light. Yet certain pigments may, for onr purpose, be regarded ea 
representing pure ooloars. Thus, the purest real ultramarine we 
will reipud as blue (oObalt is rather green, that is, it has alit^ 
yellow in it; and the French and German nltmmaxines are gene* 
rally rather pnrple, or have a little red in them, yet the of 
these latter is a very fine oolonr), the purest French carmine aa 
red (common carmine is frequently rather crimson, that is, has 
blue in it, or rather scarlet having ydlow in it; vermilion is much 
too yellow), and lemon chrome os yellow (the chrome edeeted 
must be without any green shade, and without any orange 
shade, however elight); and these pigments will be foimd to 
represent the oolonrs of the prism os nearly aa any that can be 
found. 1 would recommend the learner to got a small quantity 
of those colours in their powder form, substitntuig '^e beat 
pale German ultramarine for real nltrainorine, at the latter is 
of such a high price,* and to fill the various oirdes of our 
diagrams, which represent the prinuuy colours, with these pig¬ 
ments, mixing them with a little diraolved gnim arabio and 
water. The aeccndaiy oolonrs will be fairly represented by 
pale-gieen lake, often called drop.graen, by oAnge-ahrome— 
that of about the colour of a ripe, rather deep-cdoured, orange 
rind—and the pnrple by the admixture of pale Genhon ult» 
marine and crimson lake, in about equal proportiona, with a 
little white to bring it to tbe same depth aa the green, t cannot 
name any pigments whioh would well represent the tertiary 
oolonrs. Citrine is about the colour of candied lemon ped; 
olive about the oolonr of candied citron peel, and msset is often 
seen on the skin of certain apples called “ russet apples,” in 
the form of a alight roughness: hut this msset ia in many 
oases not qnite snffidently rod to represent the oolonr bearing 
the some name. Iron rast ia rather too yellow. This oolonr 
dionld boar the same relation to red that the candied lemon- 
pod does to yellow. 

If the student will tty oarefnlly to realise these oolonrs, and 
will fill up the oirdea in our diagrams with them, ho will thereby 
bo mndi assisted in his studies; but it will bo still better 
he prepare fresh diagrams on a larger scale, and use squares 
instead of oirdes. I should recommend, and tiiat I do strongly, 
that the stndont work out all the diagrams which ws have 
suggested on a tolerably large scale, nsing tho colours whore I 
have used words. I should also advise him to do an ornament, 
say in red on a gold ground, and ontlino this red ornament with 
a deeper rod; to do a gold ornament on a coloured ground, and 
ontline it with blaok; and indoed to carefnlly work out on orna¬ 
mental illustration of onr propositions, Nos. 24, 25, 2G, and 
27, and to keep these before him till he is so impressed by them 
as to/set the principle whioh they set forth. TbiB should be done 
on a large sc^ in all onr designing-rooms and art-workshops. 

As we shall havo to refer to colours by naming pigments, and 
os I am constantly asked what pigments I employ, I shall enn- 
merato tho paints in my oolonr-box; but I eball place a dagger 
against those which I have in my private box, and whioh I do 
not supply in my offices; but those I seldom nso. Of yellows I 
have Idng’s yeUowf (not a pormanont oolonr), very pale ohrome,t 
lomon chrome (about the colour of a ripe lemon), middlo chrome 
(half-way between tho lemon and orango chrome), orange chrome 
(about the colour of the rind of a ripe orange), yeUow lake,t 
Indian yeUow.f Of reds—vermilion, carmine, crimson lakB. 
Of bines—cobalt,f German ultramarine, both deep and pale^ 
Antwerp blue, indigo. Of greens—emerald, green-lake; pale 
and deep. Of browns—raw Turkey umber, vandyke, Tenetiao 
red, purple-brovm, brown-lake. Besides these I have what ia 
oallod odestial blue, whioh is a very pure and intense turquoise, 
vegetable black, flako white, and gold bronso. 

There are oertain facts connected with the mixing of obloaTS 
which mnst never be lost sight of; thns, while the odours of 
light oo-miugle without any deterioration, or loss' of brilliancy, 
pigments or paints will not do so, bnt by admixture tend to 
destroy one another. This takes place only to a small extent 

* Beal nltxamaiiiie is sold at £8 per ounce. The hast imitation, or 
German ultramarine, is proconUe at any oil-riiop at ahent 3s. to 4a. 
par pound, The best carmine should be procurable at 60. par ounce, 
bnt Bruits' oolonxmsn often charge £1 la., ovdag to tha amall demand 
for this pigment. The best ohroae yellow (ttds is fcsptiB many ahadsa) 
Is abont Is. 6d, per pound. 
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wbaabsttwo prismiy oidonn an oombined; bat if any of the 
titfrd primary eaten iato tbe oemporiticm of a tfait, a dedded 
deterioration, or loae of intenaity, oooora. 

For thii reaaoa rr» employ many pigmanta, so aa to get aa 
little miziag of boloon aa we can. Bat there ia anottier reaaon 
vlqr the gnbt admixtnre of oolonre ie nndeairable. Colonre are 
dioniaal ageata, and in aome oaaee the variona pigmenta act 
ohemioaily on one another. Of ell ooloora yellowa anffer moit 
by admixture other oolonre i bat thit ia aooonnted for by 
thoir deUoacy and pnri^. For this reaaon I nee a greater 
Tariety of yellow pigmenta than of ted or blue. 

iVeNit poeeible to prOanre three pigmenta derroid of ohemioal 
attuitiea, and eaoh of the eomo phyaieal oonetitation, oe of 
eqfOal degreea of traneporanoy or opacity, the one trnly repro* 
aenting the bine of light, another the red, and another the 
T^iow, we ahonld need no othere, for of thoee we could form all 
ottnr oolonm; bat oe no pigments oome oron near to the fnl- 
fllmant of thoee oonditione, wo hare to employ roundabout and 
ofauney methods of arriving at our ends. 

'Were I inquiring into the laws of colour with a view to scion- 
tiflo mide, I could here point oi ‘ 
facta; but while I must not < 
another writer is oontributiug a 
in which I write, taking the t 
would urife upon my readers tl 
oontribtttiaiu, for there they wi 
which 1 oaa only mention. 

I hesitate to proceed, lest I a! 
iag anffioisntly clear respecting 
and before 1 do so 1 think thni 
remarks reepecting certain etal 
fear of supposing that, beoaui 
with a oei;t^ subject, others, v 
OB the matter, must at once oa 
almost ts tite bare form of a h 
err on the side of excessive olu 
(A explanation. 

There is one statement wbicl 
perhaps, needs a little elnoidati* 
vuy ^ve soon the reason of m; 
htraonised with citrine, greei 
CkSve. I might have expressed 
00 ) thus i-^The complement of < 
of moset is green, and the con 
<^onr which is complementary 
it, completes the presence of i 
green is the complement of n 
together with the odour to wh 
pletos the presence of the tlu 
harmony, the complement mnsi 
ttem. Let us now refer to ’ou 
my last article, and we there se 
equivalents of yellow and onlj 
blue. New, in order to a hai 
pT M th* two equivalents, ns c 
ie., the yellow. One oqnivalen 
of which are wanting ia the oit 
ia the complement of citrine, 
dneea « hamony. In russet or 
yellow are wjutring, and these h 
than, ia the'Complemeat of rust 
of 'r^ wd me of ydhnr are 
ocangei hence mnuige ia the con 

I tova apoken d aQ coloun 
btA we hm to deal also with 
may be darkmied by blaok, wh 
diued by white, whaa Mate ore 

tiona in intensify, a portion of OB_, __ 

Thus, if a small portion of blue be mingled with red, the red 
beoomea a crimeon or blas4ed; or if a small portion of yellow 
be added to the red, the latter beoames a aoarlet or yellow-red. 
laldMtuauner, whim ydlowia hi exeeaain a green, we have a 
yaiBow-green; or when blue is in ezoess, a blue-green; and so 
whh the other odours. Snoh ulterationB produce hues of 
, eedoar. 

Wg BOW come to ihe mbtlettei of hiOm^. Thu#, if we 
htWrAyiaBCw-tM or eearleto-a red 'fri&yetOoW in it—^he.green 
that tiw bamonlso witii H w 31 be a bluo-grcoB; or if wa have 


a blue-red, a orimson—a red with due in it~the green that 
will harmonise witoi it will be a yellow-green. This is obrious, 
for the following reasons-Let nsjaupposo a ted represented by 
the equivalent number, five, with one part of blue added to it,- 
thns oaosing it te be a blue-red or crinuun. 'Were the red 
pure, there should be deven parte of green as a oomplammit to 
the five of red, of which green eight parte would be blue and 
three yellow; but the bludred ooonre in eix parts, one of whioh 
is blue—^there are, then, but seven parts of blue remaining in 
the equivalent quantity to oombine with the three of .yellow, 
one being already nsod; henoe the green formed ia a ysUow- 
green, one of the equivalents of bins nooessary to the formatiou 
of a true green being already in oombination witih the red, and 
thus absent from the greeu. 

The same reasoning will apply to the soarlet-red and blue- 
green, and, indeed, to all similar oasee ; but to take the case of 
the crimson-red and yellow-green, as just given, and carry it a 
stage further, we might add two pacta (out of the eight) of blue 
to iiie red, and make it more blue, and then form the oomple- 
montary green of eix parts of blue and three of yellow, and 

farther etUl, and add 
), when the ^mixture 
m a blue-red, in whioh 
, green-yellow—would 
yellow. These facts 


owing! 
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re have eight parts of 
ly the mode of oom- 
or to any extent, pro- 
livalent propoiUons. 
uee of oolonr, shades, 

I enable the learner to 
>f depth, or shades, as 
ise the term os signify- 
Q shades of each oolonr 
in readily bo arranged 
equidistant from each 
3 will be as much 
arkor than shade 1, 
lie ie a oolonr inter- 
ten hues between the 
n the purple and the 
a slightly red purple, 
le still more r^, and 
he pure red; and the 
o. Imagine, further, 
nrarde blue, and ten 
id the orange having 
ds the yellow—in ail 
coses I oount the oolonr from whioh we start as one of the 
ton, thus:— 

Blue. Purple. Bed. 

09876 5482 1884567890 
—and we shall have 64 oolonrs and hues of oolonr. Of each ct 
these 54 oolonre and hues famine 10 degreM o£ depth, and wa 
got 540 oolonrs, iMM, tints, and ahadcs, al| differing from one 
anothertoaaobvicuedcgpep* 

Miuk this fiset, that any eolonr, tint, hue, or shade of eneli • 
dingram hae itf ooaiplBa^ in one other of iiie obhmn, tint^ 
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Imea, or Riiades of tlie diagpun, and that only two oi tMs sories 
of 540 an oomplementaiy to eadh O&nr; thna, if yon fix on 
any one oolonr ^ tiie 540, there ie but one colour in the vhole 
that ia oomplonentaxy to it, and it ia oomplementary to but 
thia one other oolonr. 

The otudent will do well to try and make a oolour-dia^m 
of toia kind, of a aimple ehoraoter, aay anoh aa the following, 
only noing ingmenta for my numbers; but in doing ao he 
must exercise the utmost ears, in order that he seonie some 
degree of aocuraoy of tint or shade, and if ho oou call to his 
aid an expei^oed colourist it will be of great assistance to him. 
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3 jj 3 
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1 Ftlltnc. 


2 • 1 Orange-ytlloui. 

1 Yellove-arange. 


Orange. 

Tliis table is highly valuable, as it gives ninety harmonies, 
if carefully prepared in colour; and the preparation of such a 
table is the very best practice that a student can possibly have. 

Let ns for a moment consider this table, and suppose that we 
wont to find the eomplcmout to some portieular colour, as 
the third shade of rod. We find the complement of this in the 
third shade of green opposite. If we want the eomplomout of 
the second shade of orange-yellow, wo find it in the second 
shade of blue-purple opposite, and so on. Thns wo have a 
means of at once judging of the harmony of eoloura. 


FORTIFICATION.—IV. 

BT AH OFFICBB OF TH£ BOTAL ENaiHEGBS. 

TRACK OP WORKS—DKPINITIOKS OP TABIOUS MKTHODS OP 
ABTinnKBT ATTACK, AMD IXODES OP OBTAININO PUOTKC- 
TIOM PEOM THBll. 

Bkpobb oonsidoring the varieties of trace suitable for works 
under different eiroumstanoes, it will be well to examine the 
ways in which artillery and mnsketry fire can be employed for 
their attack and defence, and then what defensive arrangements 
can bo made to guard against these. Yarious terms are em¬ 
ployed to express the direetion, mode of firing, and special 
obj^B of artillery fire, with leferenoe to the works attacked. 
Thns the terms direct, oblique, reverse, enfilade, flanking all 
express the horizontal direction of the fire; whereas plunging, 
piielwng, vertical, and ricochet denote varieties either in the 
mode of firing, or the results to bo attained. 

The terns direct and ohUgue are applied to the fire of guns 
plaoed either immediately opposite ox oblique to the direction 
of the works attooked. 

Beverte fire is that which is brought to bear on the interior 
of a work by guns firing into it from the row. When the guns 
of the assailants are so plaoed as to bring either a direct or 
oblique fire to bftar on the works, they must be opposed by 
parapets of suifieiout strength and thioknais to resist them; 
but when ^roteotiun from reverse fire de required, it becomes 
neoessary to oonstruct a sort of seooud paraprt inside the work, 
behind the guns, which is called a parados. 

When toe enemy’s guns ere in prolongation of toe line of 
work attaokod, and can fire along toe CBor of that line. It is 
oalled enfilade fire. This is a very effeotive metood of artillery 
attack, aa any one ahot may take effect on many more guns or 
men than it could if it merely possod direotly through toe 
parapet. To guard ogainot this, great oare should be takra 


in ttaemg a work toat too prokmgationa of toe lines of parapet 
are directed on to points inacoessiblo or beyond toe range of 
toe enemy’s guns. Where this is impracticable, short earthen 
parapets, called traverses, must be bnilt at right angles to the 
general line, to intercept the shot. 

Ricochet fire is that in wMoh too charge and elevation of toe 
guns are so arranged aa to oauso the ahot to make a number of 
rebounds after its first graze in toe work. It is consequently 
often employed for enfilading purposes. 

When a line of parapet is ao plaoed that ilie fire from its 
gnns posses parallel to and in front of another lino, it is called 
a flmik, and defends toat line by a flanking fire. A glance at 



any ordinary profile (Fig. 26) wiQ show that toe ditch oannot bo 
defended by the direct fire of the parapet behind it, and unless the 
ditch is defended by a flank fire from some other part of toe work, 
the enemy might aasomble in comparative safety in it before 
making his fi^ assault. This defonoo is obt^ed either by 
means of flanks or by oonstruotions in the ditch, and it is wito 
roforanoe to it tliat most of the varieties in too trace of works 
other than those dependent on the ehapo of toe ground are 
made. 

Ferfieol fire is that from mortora firing shells at an angle of 
45° so as to fall almost vertically. This is too least accurate 
of all too artillery fire we shall have occasion to consider, but 
ia useful for bombarding towns, closed works, etc., where great 
accuracy is not cssontial. Protection from the effects of 
vevtioal fire can only be obtained by conatraoting buildinga, 
too roofs of which ore of sufficient tldokness to resist too fall 
of the sheUs from a great height, and tooir subsequent ex¬ 
plosion. In all works intended to make a prolonged resistance 
to modem artillery, protection of this kind, or “bomb-proof 
coTor ’’ OB it is callod, must be largely provided. When these 
buildings arc of a permanent nature, they are called casemates, 
and where only tempomry oonstructions, blindages. As a guide 
to the thickness of roof neoessary for this purpose, it may he 
well to remember that the maximum penetration of the largest 
spherical shells in too British service (13 inches) was found to 
bo as follows, viz.—penetration in earth, 6 feet? in ooncrete’ 
or brickwork, 1 foot 6 inches. 

Pitching /ire is similar to ricochet, except that the shot 
descend at snob on angle os not to rebound. It is used in the 
attack of works, to sti^e objects that arc hidden from view by 
some intervening mass, over which the shot mnst pass. Escarp 
walls and other masonry in permanent fortifications are liable 
to bo broached by this means, nuless they ate kept oonc^erably 
below the direct lino of fire. 

Plunging five is that from guns firing wito full charges at 
objects on a muoh lower level than themselves. Owing to toe 
considerable angle of depression of toe gnns toe shot do not 
ricochet, and greater accuracy in firing is required; it is not, 
therefore, very efficient against troops or small moving objeots, 
but is moat effective against ships, whose gnns probably oannot 
elevate suffioiontly to reply, and whoso decks, even in iron¬ 
clads, are rarely invulaerablo. The Bnssian “ Wasp ’’ battwy, 
which did so mnch damage to too English ships bombaedi^ 
Sebastopol, was an example of this. TTndonbtadly toe ad¬ 
vantages of a commanding imsition are so considerable, and 
toe difficulties of protecting the interior of a work from plui^ing 
fire arc so great, toat none but urgent reasons oau justify wcrica 
being plaoed in so disadvantageous a position; it murt not, 
however, be supposed that a slight difference of level oon- 
stitntes plunging fire, or that a work is necessarily untenable 
because it is somewhat lower toon the attacking guns; for the 
Bussion Imes at Sebastopol withstood for more thw a yeu the 
attack of toe Allies, whose artillery was posted on a higher 
level than they were. 

The object ^ almost all works being tlust of enclosing or pro¬ 
tecting some particular area, it follows toat few can consist of 
a mere straight line of parapet, and toeir traoe or outline shape 
will dqiend— 
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. t. On the niunber of men th^ era intended to hold; 

^ On the ehepe of the groond. 

3. On the neaoseil^. for fianh defence for the ditohea and 
gioand in front. 

The traoe inU, therefore, either be a onrred line or oonaiat 
of a number of lines forming angles with one another. When 
an Bn(^ points outwards from the work it is called a salient 
angle (Fig. 27); and when it points inwards, a re-entering angle. 
The farmer should be as obtuse as possible, and nerer leas 
than 600. 

23ie imaginary line biseoting a saliont angle is termed the 
e<q)ital. 

The distanoe firom a flank to the furthest point of the work 
flanked by it, measured in the direction of the flanking fire, is 
called a line cf defence. The length of this line is dependent 
on the weapons used, although, as the same aocuraoy can never 
be obtmned from men who are being fired at as from ordinary 
target prootioe, it is made oonsiderably less than the effeotiTe 
range it these arms. In field-works, therefore, the lines of 
defence should not, as a rule, bo more than 200 yards long; and 
in permanent works, where ihe ditches ore flanked by art^ery. 



can, salient angle; a n, capital; c k, gorge; near, flanks; boa, 
A a r, re-entering ongk^ or flanking angles, or angles of defence; 
0 A, line of defence. 



with intervals (Fig. 29). Closed arebetterthan open works for 
this latter case, unless there is a second line of works behind the 
first, in which case the gorges, of the open worts must be closed 
by obstacles, to prevent enemy, by a temporary snooess, 
getting possession of them, end dismounting the guns or doing 
other damage before retiring. 

In permanent works an attack on the rear of the open works 
in connection with the fortress can rarely be made, owing to the 
' formidable nature of the ditches that surround thorn 

When closed works ore employed in the outer line, their 
gorge XMuapets ehould be made so thin as not to prevent the 
guns of the roar-line firing into them. 

The principal descriptions of open wwks employed in field 
defences are— redans, filches, double at triple redans, and 
lunettes; and in permanent fortification more formidable 
works, answering the same purpose if not exactly of the same 
shape, are employed, colled ravelins, lunettes, horn works, 
and crown works. 

Sedans, JHches, and ravelins are all of much the same form, 
and consist of two lines of parapet meeting in a salient angle. 

A redan is a large field-work of this shape; whereas a filche 



A, open-work gori;D closed by obstacles ; B, closed work. 



they may vary from 300 to 500 yards, so as to be within range 
of case and grape-shot. 

The angle between a flank and a lino of dofonoo is called the 
flanking angle or angle of defence. This should novor be loss 
than a right angle, lest accidentally oblique fire should wound 
men defending parapet that is being flanked; and should 
not czeeed 95°, as the fire would thou beoomo too ^vergent. 

When the parapets of a work entirely snrronnd the site 
oooupied, and its garrison is oonsoqnontly capable of nn inde¬ 
pendent resistance, no matter on which side ibo attack may bo 
made, it is called a dosed work ; and when its parapets only 
afford a defenoe in oortain direotums, leaving an open side or 
gorge liable to attack, it is called an open work (Fig. 28). 

Closed works are suitable for isolated positions, and should, 
if possible, have their own flank defenoe. Open works are 
ehiefly nsed aa anziliariea to other works, to afford a flank de¬ 
fenoe for the approoehoe to them, and are thouiselves defended 
by the flonk-^ ^ works in rear, whioh should bn able to 
fire into ihrir open gorges and prevent an enemy occupying 
thmn. , 

Both open and closed works are frequently oombined so as 
to mutually defend one another, for the oconpation of a long 
Una or position. They are then oslled lines of intrenehments. 

U a number of open works are oonnected by a line of parapet 
or (fimtaoles, they ate oafled oontii^uous Usiss; and if the works 
ore isolated and the spaoes betwom them only defended by the 
flraiff theoollataial works or worim in tear, th^ore oallsd lines 


is a smaller work, intended merely to protect a gate or some 
similar small objert. In Fig. 30 is shown Vanban’s Bedon line, 
consisting of rodans 180 yards apart, ooimocted by a straight 
line of parapet. 

A ravelin is a permanent rodan-shapod outwork, placed in 
advance of a permanent fortification to iucrooao its defensive 
powors. 

All those works have the defects of being liable to be enfiladed, 
of being open at the gorge, and of having the space in front of 
the salient angle badly defended. This is owing to the fact that 
men firing over a parapet deliver their fire at right angles, or 
nearly so, to the orost (Fig. 31). 

This undefended spooe may bo brought under fire by the 
addition of short auxiliary flanks (see Fig. 29), or by forming a 
short face at right angles to the oapitsl; In some oases -wbrn 
the front Ak of a ravelin may be mnoh wanted, and its flank 
fire required in a direction at right angles to the oapital, 
this principle may be still further applied (see Fig. 32). 

A double or triple redan oonsists two or three rocUms oom¬ 
bined as one work (Fig. 33). In these the flank defenoe of the 
salients is provided for, but the outer faces on either side are 
unflanked. A lunette is a redan with two extra faoes paraUd 
to the oapital (Fig. 34). It is useful as an advanced ontwork, 
but bos idl the defeats of other open works. 

Open works are speoially adapted for the protootion of bridges 
or other positions where they eammt be attaoked in rear. 
are timn oalled Utes dm pent or bridge-heads. 
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BUILDING CONSTBUCTION^VIII. 

ASOHSfi (eowtinue'd), 

Tas femi-oireulor ardh vu the kind of arch principally used by 
the Boffiano, who employed it largjely in their aqnoduote and 
triamphal aiohea. Other forma, however, ate mentioned by 
Rome wiiterB as having been employed by the ancients. In the 
Middle Ages forma atill different to. those already in use were 
generally iatrodnced. Thna we have— 

The stilted arch, which it ia aooroely neoeaaary to aay ia bnt 
an adaptation of the aemi-oironlar, the springing being raised 
above the capitals of the columns. The illustration below (Fig. 
55), copied from Mr. Owen Jones’s admirable handbook to the 
Alhambra Conrt of the Crystal Palace, will afford the student a 
good example of this species of arch. 

Next we have the horseshoe arch, also used in, and almost 
entirely restrioted to, the Arabian style of architeotnre. In 
this form of arch the curve is carried below the line of centre 
or centres; for in some coses the arch is struck from one centre. 


a rule indioatea the style called "Early English,” wMoh pTe> 
vailed in this country from about 1189 until 1S07. 

Fig. 58 is the equilateral arch, the radius with which the 
arcs ore struck being oqnal to the span of the arch, and &s 
oentres being the imposts; and thus, the crown and the Imposhl 
being united, on equilater^ triangle ia formed. This form was 
principally used in the "Decorated” period of Gothic archi¬ 
tecture, from about 1307 untU about 1390, at which tiwia the 
ogee arch (Fig. 59) was also occasionally used. 

At a later date, daring the existence of the “ Perpendicular ” 
stylo of Gothic architecture—viz., from the close of the fourteenth 
century to about 1630—wo find various forms of arch introduced, 
such as the segmental (Fig. 60), formed of segments of two 
circles, the centres of which are placed below the springing; 
and still later on we find the Tudor or fonr-oentred arch (Fig. 
61), in which two of the oentres are on the springing and two 
below it. The arches at the later period of ^is style became 
flatter and flatter, and this forms one of the features of De¬ 
based Gothic, when the beautiful and graceful fonns of that 




and in others from two, as in 
Fig. 56. 

Now it must not bo supposed 
that the real bearing of the arch 
is at the imposts, a, a ; for if this 
were really so, it must be seen 
that any weight or pressure on the crown of the arch would 
cause it to break at B; bnt the fact is simply that the real bear¬ 
ings of the arch are at B, b, and the pr'olungation of the arch 
beyond these points is merely a matter of form and has no 
stmotnral signifioaney. The horse-shoe aroh belongs especially 
to the Mahometan architecture, from its having originated 
with that creed, and from its having been used exclusively by 
its followers. 

Next in point of time, but by far the most graceful in form, 
is the pointed arch, which ia essentially the me^sval (or middle 
age) style, and is capable of almost endless variety. The origin 
of this form of arch has been the subject of much antiquarian 
disonsaion; bnt it is certain, that although the pointed aroh 
was first generally used in the arehitecture of the Middle Ages,- 
reoent disooveriea have shown that it was used many centuries 
pievtonsly in Assyria. 

ffhe greater or less acuteness of the pointed aroh depends 
on the portion of the centres from which the flanks are 
stmok. 

Thna the lancet arch (Fig. 57) is oonstraeted by placing the 
centres 0, o ontiflde the span, but still on the sdsne line with the 
imposts. Tlw form of was first used in the Goalie, and as 

TOXi. X. * 



Fig. 63. 


style gradually decayed, and for 
a time were lost. Happily, in 
the present century there has 
been a gradual and spirited re¬ 
vival of the Gothic style, and 
works aro now being produced 
which bid fair to rival in beauty of form and in principles of 
construotion the marvellous buildings of the Middle Ages. As 
the principles of Gothio Architecture will form the subject of 
another series of lessons, further description is here unneoes- 
sary. 

I We now return to the oonstruotivo prineiples of arches, and 
I these may be conveniently treated of under the separate heads 
I of brick arches and those constructed of stone, the main prin- 
{ ciplns being the same—viz., that thu bricks or stones composing 
I the arch must be so placed that they act as wedges. In stone 
! arches, this is aooomplished by cutting the stones into the exact 
' forms required. In bricks, they must either bo “ gauged,*’ that 
is, tubbed or cut to the shape required,,^ or the difference must 
be made up by mortar; the skill of the workman being in this 
case displayed by his so bonding his conrsos that the shrink- 
ing may be equally distributed, and that when the neoessaxy 
settlement is arriv^ at, the structure may be found perfectly 
safe and strong. 

Arohes in brickwork are plain, rough, and eat or gauged. 

Flam arches ore built of nneut bricks, and these b^g blocks of 
. equal thickness, must be “ made out ” with mortar (Mg. 62, a a); 
i that is, the difference between the introdos uid the extt^os must 
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bo filled in with mortaar or cement. Tims, in building such an 
arch, the bricks at the inner lino should ell but touch, and the 
centering ithe wooden framework upon which the arch is tempo- 
xarily baht) should not be struck (or removed) until the arch has 
settl^ or the cement perfectly hardened. The comout used 
should bo,of greater consistency than for general purpoaos. In 
consequence of the unavoidable defect in plain brick arches— 
Tia., that the bricks are not in themselves wedge-like in form, 
bat are kept apart at the top by a matter liable to shrink—it 
is advisable in extensive and continuous works, such as tunnels, 
sewers, vaults, eto., to make them of thin independent rings of 
half-briok or one-briek thick—that is, a 9-inch arch should bo 
in tvo half-brick arches, ns is shown in the illustration (Fig. 
62), and an IS-inch arch should bo formed of rings consisting 
of alternate whole and half-bricks, the bricks being pnt in 
where they oome naturally, as where throe, four, or moro.bricks 
of tho inner ring ont in with four, five, or more of the outer 
ring; but by half-bricks wo do not, in tbis case, mean bricks 
cut into halves, bnt merely laid on their edge, as headers, so as 
to bo halfdirick high. Eaoh arch thus becomes bonded in itself 
with hoadurs and stretchers, as in a brick wall. 

Rough arches arc those in which tho bricks arc roughly cut 
with on nxo to a wedgo form, and are used over openings, sneh 
os doors and windows, when tho work is to bo"i)lastured on tl\e 
outside, or in plain baok-fronts, outliousos, garden gates, etc.; 
when, however, they are generally neatly finished off with what 
is called a “tnck joint.” This consists in marking the divisions 
by a neatly-raised lino of fine white plaster, having previously 
pressed a blue mortar into the joints. 

Feinting is of two kinds, tuck, as above, and flat. Tliis 
last consists in first raking ont the mortar in front of the joints, 
and filling in with mortar, on which tho lino is then nmrkoil with 
the edge of tho trowol. 

Semi-oironlar and oUiptioal arches, when large, aro generally 
formed of unout bricks ; bnt those composed of small segments 
of oirolos are either cut or azod. These ai-e sometimes called 
aetumie arches. Very flat nrohos are known by the name of 
“ oambor,* ’ from tho French word camhrer, to round liko an 
arch. 

Gauged arehes arc formed of bricks which arc ont and rubbed 
to gauges or moulds, according to a full-sized drawing of half an 
oreb. Ganged arches arc, of course, the neatest in appearance, 
and aro therefore used in the fronts of bonsos. 

When the arches are semi-circular, the bricks will all bo of one 
shape, and therefore, if tho number of arches renders it worth 
whilo, the ^rioks may bo all moulded; that is, made spooially of 
the exact size and form required. The orclios over windows in 
fronts of houses aro frequently straight. Such a windlkr with a 
diagram (Fig, 63) will bo shown in tlio next lesson. Tho outer 
slant lino of tho aroh is called tho skew-hack, and, as a rule, tho 
skew-bocks of both sides should moot on tho contro lino, at 
an angle of 60'®, From the drowing it will be soon that tho 
material between tho two arcs struck from H is all that is really 
efficient in forming tho arch, and that all between the arc and 
Its chord is of no service, iliis breadth may bo increased by 
making tho angle at the centre loss than eO®—that is, taking 
the contro lower down on tho perpendicular lino; tho skew-back 
will not then slant so much, and tho width at the crown will 
be moro,*the arch being flatter; but tliat portion will bo less 
secure than by the former system, for, ns tho radii diverge less, 
they arc more nearly parallel, and henno aro imt so lightly 
wedged togothor. TTiose arehos rofiniro to be cxnciiled with 
tho utmost nicety, being generally of only half a brick thick, 
and not being bonded to the work behind them. Ilricklaycrs 
usually out the joints of ganged arches slock at the book, so as 
to get a fine joint on tho faoc; the consequence is that the pres¬ 
sure of tho load causes tlie arrises of tlio face to chip, and thus 
the bricks fall out; this should therofuro bo guarded against. 

DBi^lvilVa FOB BBICKXiATKKB. 

In aooordanoe with the plan'hud down—viz., tlint tho cuts in 
these lessons should servo not only as illnstrations of tho text, 
b»A as stndies for drawing—we now proceed to give the student 
■mno instructions as to 'tho method of drawing toe snbjeots used 
as arohitectural illustiations. 

One Uluitration previously givnn may, however, require a few 
bints to gmud the student against error, 'vls., ISg. 62. 

Xhs subject of tom is a “plain arto,*’ toat is, one in Which 


toe brioks are not out or altered in form, bnt are still made to 
radiate ; that is, the intiados of toe aroh is to be mads smaller 
than the extrados, for otoerwiao an aroh could not be formed ; 
and here it is to be remembered toat toe differenoe between too 
small intradoB and toe larger extrados is made np by mprtar or 
rough pieces of briokB, bnt 'toat toe brioks themselves' retain 
their original size. 

Now to draw such an aroh:— 

The radius of toe intrados bring given—viz., A B —from A, 
with radins a b, desoribe toe semioircle, half of whiob is here 
shown, and also toe semicirolo C; toe width between these two 
semicircles being equal to toe width of a brick laid on its broad 
side, 'viz., 4^ inches by scale. 

Divide too intrados into as many eqnal parts os there aro to 
bo brioks in too inner ring of toe arch; viz., 1, 2, 3, 4, eto. 

It will bo evident that 'the centres of tooso brioks radiate from 
too ocutro of too oirclo, toongh their sides do not. > 

Therefore, bisect each of too spaces 1, 2, 3, 4, otd., and draw 
radii through those bisooting points. 

Now, if a lino wore drawn along the end of a brick it would 
be at once seen that the edge of tho top and bottom surface 
would ho 2 ^curallel with this lino, and of course with each other ; 
therefore, from poiii'ts 1,2,3, 4, oto., draw linos between the somi- 
circlos, parallel to the radii. Tlus may easily be done with a 
pair of sot-sqaaros, by tho method shown in the lessons in 
“Technical Drawing;” and thus a semicircle of oblongs will 
he obtained—that is, approximately so; for wore this drawing 
executed on a larger scale, it ^would be seen that tho inner 
and outer edges of 1)l>c ring are made np of pieces of straight 
lines equal to tho width of the shorter edge of the end of eaoh 
brick. 

For too second ring, mark off tho width C l>, equal tone; set 
off on tho, Homicirolo c tho width of tho narrow sides of toe 
bricks, as at 1, 2, 3, 4, oto.; bisect these spaces, and draw linos 
paraUol to the bisecting lines as before. 


CIVIL ENGINEERING.—ITT. 

BT E. Q. BABTHOnOMBW, C.B.,1I.S.E. 

WATEE-WOEKS. 

The term water-works is properly applied only to such works 
as have for their object toe collection, snpply, and conveyanee 
of water to towns for drinking and sanitary purposes, but it is 
also applicable in a somewhat subordinate degree to toe storage 
and utilisation of water for agricnltarol objects. 

Wo have adverted to that great work of Egyptian engi¬ 
neering, Lake Mreris, which was intended as a reservoir to ro- 
ooivo tho waters of tho Nile at the period of overflow, to be 
employed afterwards for the irrigation of the surrounding dis¬ 
trict. In all oonntrios whore the rainfall is confined to certain 
seasons, and is toon excessive, it is imperativo to x>rovide against 
tho effects of tho dry season. In Hindostan, where the greateat 
periods of drought occur at certain cycles of years, too construc¬ 
tion of reservoirs has been carried to on extreme that is not fonnd 
in any other oonntry. Advantage has been ’taken of every nook 
and ravine, and, by thro'wing across toom hanks of oarth called 
hands, they have been oonvortod into storage reservoirs. In 
tho Madras Prosidoncy alone, there exist at toe present time 
upwards of 43,000 irrigation reservoirs available for use, whilst 
thousands besides have become useless through neglect. The 
length of those bunds varies from half a mile to ^rty miles. 
Tho Poniary tank, now disused, was formed by too eonstruetion 
of a hund thirty miles across the opening of a valley, and em¬ 
braced an area of nearly eighty square miles. The Veranum 
reservoir is still in operation, and possossos an area of thirty-five 
square miles, tho bund which effects the storage being twelve 
miles long. In toe island of Ceylon there exist tho romrins of 
an embankment eonstrncted for storage purposes fifteen miles 
long, composed of huge blocks of stone cemented together, 100 
feet wide at toe base, and sloping to a top width of forty feet. 

These semi-natural reservoirs are to be fonnd in our own 
island, but in smaller proportions, m, for instance, in toe j^eut- 
lond Hills, where one such reservoir forms toe principal sonroe 
of water-snpply to Edinburgh. 

In determining toe position for a reservoir of this kind, there 
are several matters whiob require oonsideration irrespebrive of 
the formation of t^grodnd. ItwiU be neoesauy to determiiw— 
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1. What is the height of the proposed reservoir with respect to 
the town or district to be supplied from it P 2. What is the 
nature of the soil composing the proposed site; is it porous or 
otherwiseP 8. What is the source of supply; is it regular, 
being derived from springs, or irregular, being dependent upon 
rainfall; and if tho latter, may a sufficient amount bo expected 
to be available in all ordinary periods of dry weatlior P 4. What 
are tho diffioultios to bo ouoountored in convoying tho water 
from tho reservoir to tho town ? 

The question of rainfaU is ono of tho highest importanoo in 
matters of water-supply. As a rule, the rainfaU is greatest in 
those districts which are sitnated towards the coast-lino, whence 
tho prevailing winds blow. For instance, in Groat Britain and 
Ireland, the sonth-westem districts ore tho most rainy; but 
the presence of mountains which ponotrato tho cool moistnro- 
chai^d regions of tho air causes the atmosphere to part with 
its moistnre by condensation, and hence tho rainfaU occura on 
the lee side of the mountains. The rainfall over tho whole 
globe varies in different localities from zero to 28 feet per 
annum. 

In addition to tho foregoing considorations, if tho wator- 
Bupply of a town is to bo entirely dependent upon a storage ro- 
aorvoir, it will be necessary to dotormino its loss by ob-sorptiou 
and cvaxioration, and then to proportion its area accordingly. 
Tho average annual loss by evaporation in tho temperate zone, 
with a mean tomi>cruturo of 52'2&", is UC'.*! inches. In Soutli 
America, with a mean temperature of 81'8C°, it exceeds lUU 
inohos. Tlio mean ilaily evaporation in Great Britain is loss 
than *1 inch. 

Equal in imporhinco to proportioning tlio storage area to tho 
demand, is tho consolidation of tho emhanlcmout, so as to witli- 
stand the. prossuTO of water under every possible etnergonoy. 


ate long xmst aU recovoiy as affording drinkable water. We 
are not, however, dependent upon streams and/rivers for an 
efficient water-snpply. The action of tho soU in purifying * 
water extends to tho rainfall, which, absorbed by the gron^, 
passes downwards by gravitation, and, being obtained from a 
oensidorablo depth, is found to be highly suitable for the use 
of man ; and hero we have the great and never-ceasing water* 
supply, always and almost everywhere available, which Hataxe 
herself provides for us. 

We are thus led to a brief consideration of wolls. Thoso are 
various in contruution. There is tho ordinary dug woU, and 
tho hored or Artesian woU. 

Of ordinary dug wolls there is tho sImUow pit into which 
surface water drains ; such is little bettor than a cesspool, not 
deserving of the name of well, and yet thonsands of our popu¬ 
lation are whoUy dependent upon such means for their wator- 
snpply, tho use of which is a fruitful source of disease and death. 
Some of OUT most fearful epidomics may distinctly be traced to 
the use of water derived from such a source. 

Tho construction of deep wells is of very ancient date. Tho 
ancient wells of Cabul are from 300 to 350 feet deep, and 
many of them are only 3 feet across, A dug woU at Tyro is 
said to bo 3,780 feet deep. Jacob’s well at Samaria is 105 feet 
deep and 9 feet in diameter. Joseph’s well at Cairo is a won¬ 
derful piece of engineering skill. It consists of two shafts, one 
above the other, but not in the samo vertical lino. Tho upper 
shaft is 1G5 feet deep, and 24 feet by 18 feet in tho opening. At 
tho bottom is a spooieus chamber cut down into tbc rook, which 
servos as a reservoir for the water raised from the lower shaft, 
which is 130 feet deep, and 15 foot by 9 feet in tho opening. 
This second shaft is sunk at tho side of the reservoir, and is 
Toaohed from tho surface by a spiral gallery cut in the solid 


Neither >8 it enough to determinn what will bo_^ tho wator- 
prossure, and to propt/rtion tlio breadth and slope (hatter) of 
the earth-work to tlio strain npon it; the eharacter of tho 
matorial composing it is equally important, for above all things 
percnlaiim must be preimiled. The least trickle may bo tho 
oommonoomont of wide-spread dosolation. It is not necessary 
that tho entire mass of tho bank shoultl bo impervious to water, 
but there must run throughout it an impcnotrablo layer. Woll- 
pnddled clay will answer tho pnrjinse, and the most advan¬ 
tageous position of this layer is on tlio side of tho bank next to 
tho water, its surface being protected from detrition by a closely 
pocked layer of stones. Tho main body of earth lies npon the 
reverse side of tho puddled wall, its use being simiily to act as 
a buttress or supiiort to it, all that is laid ujion tho wator- 


rock outside the upper shaft, tho gallery being piorced with 
loopholes opening into tho shaft to afford light. By this gal¬ 
lery pass the men and mnles which raise the water from the 
lower shaft, and discluirge it into tho reservoir, whence it is 
raised to tho surface. Tho mode of raising the water is tho 
same in both tho shafts, and consists of the ancient Eastern 
system of an endless baud of twisted grass passing over a large 
drum suspended over tlio month of tlic well, and lushed to which 
arc oartlion jars liaviiig their mouths all in the samo direction. 
The drum is caused to rovoh o by animal labour, and tho jars 
which descend emjity come up filled, discharging their water into 
a trough as they pass over tho drum. 

The mode of construction of ordinary wolls is as follows :—If 
the soil is of a sandy or loose nature, the sides of the well must 


side becoming valueless as a support, since the water will jieno- I bo protootod by u Uuiug or sicininy, tbc most suitiiblo materials 
trate it. I for wUsh are timber, stone, brick, and iron. Timber, which 

A rognlarly-constmctod leeir or eseapo-pipo for tho overflow | should bo elm, may bo omployod as a iireliniinory support, or as 
must be provided, so as to prevent the water csoaiiing over ! a steining in saline strata, tho salt preventing its decay. Under 
loose or removable soil, and if it bo an escape-pipe or culvert it I other circamstuncos timlior is objcctiunablo, as it is subject to 
should not pass through tho bonk, as there is always a tondeney rot. If stone is employed, it should bo silicious. Brickwork is 
to trickle along tho lino of pipo. A syiffion passing over tho j the material most us^ly omployod, but if tho water in tho 
bank may be employed with advantage, and may be kept always surrounding soil be impure, or if tinder considerable pressure, 
full and ready for use by a valve at the base of tho longer log. it is not suitable, as tho water will porcolatu. Tho use both of 
Having thus briefly considorod the question of water-supply brick and stono is, in fact, rather to keep back the soil than tho 
derived from a level above that of tlio district to be supplied, water. Of all materials iron is the best by far for a stciniug. 
we shall now consider how best to obtain and utilise it from a It is capable of bearing groat strains and resisting groat pressure; 
lower level. water cannot pass through it, and it is not liable to decay. 

There ore few towns in existonoo which have not a rivor or Tho steining of wolls, whether of brickwork or of ii-on, is por- 
stream of some kind either jmssing through or very near them, farmed in seotions. If of bricks, tho earth is taken out to 
and those would naturally appear to offer the moans of water- as groat a depth as is conmstont witli safety, and n “ curb,” or 
supply. But when we remember that tlio same streams are circular ring of jointod timbor, is placed on the bottom, upon 
very generally tho ohannols employed to convey away ths which is laid tho brickwork wHch is carried up to the suriaco. 
sewage and refuse matter, the idea of using tho water for drink- Tho curb is suspended by iron rods to cross-beams laid over &o 
ing purposes vanishos. It is, however, possible under ooriain mouth of tho shaft, and is capable of being lowered bodily with 
conditions to render such water drinkable. Nature lias pro- the brickwork npon it when required. Tlie earth below the 
vided that the soil itself shall act as a filter and disinfectant curb is now removed, and the steining is gradually loworod, 
to water passing through it; if, therefore, a reservoir bo oon- more brickwork being added above. This process is thus coa- 
stmoted of a soil suitable for filtration, and cho impure waters tinned until, if tho well is deep or the soil very loose, the fric- 
be pnmiied into it and allowed to filter through it into another tion of tho oartli outside prevents tho steining sinking lower 
receptacle, and tho some process repeated through other rescr- by its own weight; it is then said to be oarth-bonnd.” Tho 
Tota, the water may be rendered fit for use. There is, of course, excavation must now bo eontinned below the first curb, and a 
a limit to this process of pnrifioation, for there are streams so second section of brickwork laid upon a second onrb must be 
highly contamlmted and indeed poisoned by the infiltration of oemmenced below tho upper piooe, this being suspended inde- 
ihcmic^ and animal imparities that no amount of artificial pendently of the first, and lowered in the same manner. Another 
filtration will make their water pnro. Tho blaok, stinking mode of proceeding is to leave a portion of earth below the first 
itreenu which flow through our iu»them manufisotoiing towns curb to support it, and after a further excavation, the diameter 
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of which u eqa&l to that of the intide of the eteiniiig, to insert 
a freeh onrh at a certain distance below the first, and gradually 
romoving the earth above it, to fill in the space with superposed 
brickwork until the first curb is reached. When iron is em> 
ployed it is usually tiie cast metal, the steining being cast 
either entire an a cylinder, or in sections. If the latter, the 
sections are cost with fianges pointing inwards, by means of 
which they are bolted together, the joints being made water¬ 
tight by iron cement. The outer surface of the cylinder is 
thus smooth, and it may be driven down to a considorablo 
depth before becoming earth-bound. The great advantage of 
a steining through which water will not percolate is that all 
Burfiuie 1 ^ impure water is shut out from the well, and the 
water obtained only from the deep-seated springs, which ore 
nsnally pure. 

The most nseful well is the hored or Artesian well. Bored 
wells are of very ancient date. They are to bo found in all 
ports of the world, and have existed in Bgypt, China, and other 
Eastern countries from time immemorial. There is a well bored 
oa this principle at the old convent of Chartrenx, in the town 
of Lillior in France, which is said to have been executed as 
far back as the year 1126. The rationale of the Artesian well 
is easily explain^. Certain soils—such as sand, gravel, chalk 
—are absorbent, and permit water to pass through them 
others—such as clay, looms—are non-absorbent, and do not 
permit the water to pass through them. Hence the rainfall is 
arrested in certain directions, and finds a free xiassage in others. 
But the tendency of water is to flow in aZt directions, and it 
will therefore move along horisontal strata if debarr^ from 
sinking lower by a clay formation. Water under these ciroum- 
stances may, and often does, find its way laterally beneath a bed 
of day or rook, and if the clay or rook bo perforated, the imder- 
lying water will spring up, risuig to a height oqnsl to the 
height of water pressing upon it anywhere outside tiie clay. 
Suppose, then, a perforation be made in the soil, passing through 
various strata, but eotning at length to a clay or rook stratum, 
the probabilities are greatly in favour of water rising in the 
boro from below the clay, and frequently to a height quite near 
the surface. There are even instances of the water rising above 
the surface, and forming a perpetual fountain of the purest 
water. 

The mode of well-boring is simple, although tedious and ex¬ 
pensive. The boring tool, which is of stool, is attached to an 
iron rod, to which a rotary motisn is imparted. As the depth 
of the bore increases, the rod is lengthened by the addition of 
sacoessivo pieces attached one to the other by firmly-screwed 
joints. Tlie shape of the boring tool viuios with the hind of 
stratum it has to contend with. If it bo rook, the tool is 
shaped like a ohisol, so us to cut and break the stone; if clay, 
fihe tool is shapod Uko an augur, which scoops it out. The 
broken soil has to be brought to the surface by tools specially 
adapted for the work. The great loss of time lies in raising 
and lowering the tool, which has frequently to be done, and in 
recovering a broken tool, every portion of which must bo re¬ 
moved b^oro tiie work con proceed. The Chinese adopt a 
ayatom of “ jumping ” in borbig for water. The rod is sus¬ 
pended by its upper end to a windlass plaeed some feet above 
the bore, and is frequently raised and lUlowed to fall, a rotary 
motion Iwing applied to the rod at the same time. The plan is 
very effectual, but the tool suffers frequent fracture. 

Bored wells are only a few inches in diameter, and have in 
nortsin strata to be protected by iron steining. The joints of 
the snooessive seotions of tho tube are necessarily “ flush ” both 
inside and out, the mode of uniting them being shown in Fig. 2, 



so sa neither to prevent thmr stioking in the soil, nor yet to 
impede the action of the' boring cod, nor the subsequent flow of 
'.Tratar. 

Th* Mpply of wntear obtainable from Artesian wells is fro- 
mently enormous. At Biricenhood, one such well, about 4fi0 feet 
oosp, yields 2,000,000 gallons of good watw in twWtgr-fcnir hours. 


Another at EingBton-on-Hnll, which is sunk in oholk to a depth 
of 281 feet, and having a dimeter of 18 inohes for 210 feet of 
this depth, yields nearly 4,000,000 gallons in the same period. A 
well was oommenoed on Southampton Ckmimon some years since, 
and attained a depth—partly by digging, and portly by boring— 
of 1,317 feet from the surface, but water not being obtained, 
it was abandoned. 

In all cases of water-snpply for towns it is essential to provide 
reservoirs to meet any sudden demand for it whieh may arise 
from fire, etc., or to provide against injury to the pumping 
maohincry. The size of the reservoir moat depend entirely upon 
oiconmstanoes. 

The mode of disseminating the water over the distriot to be 
supplied must be briefly notioed. At the present day the water 
is convoyed in cast-iron pipes, the diameter and thickness of 
which ore proportioned to the demand likely at any time to arise, 
oaro being taken to allow a fair margin for inorease of popnlation. 
In the early days of the New Biver Comx>any, the water was 
conveyed in wooden troughs under the streets. The Company 



Fig. 3. 

poBsesBod at one period 400 miles of this tronghing, but the 
leakage was so great—equal to one-fourth of the original supply 
—owing to faulty joints, decay of material, and bursting after 
frost, that they were abandoned. 

The joints betwoon tho pipes have to bo made with great oars 
to prevent leakage; they are made after the pipes are bedded in 
their place, and the ground must be taken out at each joint to 
an extent to permit a man to pass entirely round it. Tho pipes 
are cast with a lip at one end, and an enlargement at the other, 
OH shown at Fig. 3, so that the end of one fits into the enlargement 
of tho other, as seen at a b. Into the recess thus formed, a fiat 
phit of spun yam is driven with a caulking ohisel and mallet, 
and melted load run into tho remaining spooe. The principal 
arteries or pumping mains aro the largest and strougost, and 
have frequently to boar a vory great prossnro. From those moine 
branch off pipes of lesser size and diminished thioknesa, and 
from those again others smallor and thinner, and so on. The 
valves which reflate the supply consist for tho most part of a 
sliding plate of iron, fitting accurately in a vortical groove, and 
raised or lowered by a r^ working in a stnfling-boz. The 
pressure of the water being thus at right angles to the piano of 
movement, it exerts a comparatively small infineuce upon it, 
whilst the surface of friction is greatly less than in an Quinary 
tap. A throttle or balance valve could not bo rendered water¬ 
tight. 

When tho reservoir stands upon the same or a lower level than 
the system of pipes through whioh tho water has to pass, groat 
care is necessary to render the flow in them equable. The action 
of the pnmping-oiigino being intermittent, the flow of water 
wonld bo reduced to a series of impulses, by whioh great strain 
would be thrown upon the maehinery, without some means of 
keeping up the forward motion of the oolumn of water between 
each stroke of tho ongino. There are two methods of doing this, 
by fixing either a vortiosl stand-pipe or an air-ohamber over 
the main immediately in front of the pump. The action of the 
pump impels a certain quantity of water forward into the main, 
but the vis inertia of the mass of water opposes a oertain amount 
of resistance to this effort, and some tiierefore rises into the 
stand-pipe—which is open at tiie top—or into the inverted air- 
chamber. In tho case of the stand-pipe, the oolumn of water 
takes up the force, whioh for a moment the engine has oeosed 
to apply, and oontinaes to urge forward the water in tiie main. 
In timt of the air-ohamber—whieh is simply a laiga and strong 
iron cylinder closed at the top, and oommnnieati^ below with 
the main—^the water is forced by the engine portly into the 
main, and partly into the air-ohambec, thereby oompressing the 
air, which, directly the pump stops, acts by itai elastidi^ npon 
the water it contains, and thus oontinaes its forward motion in 
the main. * 
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PRINCIPLES OF DESIGN.—VIL 

Br CBMBTonuB Smusbb, Ph.D., F.L.8, ate. 

BiBKoaixa AHD coiTTBASTS OF coLous (conHnued), 
CoNTimniia our Btndiea in oolour-hormony, it must be noticed 
that while ooloura ha.nnoui8e in the proportiona stated, the 
areas may vary if there be a corresponding alteration in in¬ 
tensity. Dhns eight of bine and eight of orange form a perfect 
harmony when both ooloura ore of prismatic intensity; bat we 
shall BtiU have a perfect harmony if the orange is diluted to 
one-half its strength with white, and thus formed into a tint, 
provided there bo sixteen parts of this orange of half strength 
to the eight ports of blue of full strength. 

The orange might be further diluted to one-third of its full 
power, but then twonty-toni porta would be neooaaary to a 
perfect harmony with eight parts of prismatio blue; or to one- 
fourth of its strength, when thirty-two ports would bo neces- 
saty to the harmony. 

It is not desirable that I occupy space with diagrams of 
these quantities, but the industrious student will prepare tiiem 
for himself, and will strive to realise a true half-tint, quarter- 
tint, etc., which is not a very easy thing to do. By practice, 
however, it will readily be accomplished, and anything achieved 
is a new power gained. 

What I have said respecting the harmony of blue with tints 
of orange will apply in all similar cases. Thns red will har¬ 
monise with tints of gre*n, provided the area of the tint be 
increased os the intensitj .s dooreased; and so will yellow har¬ 
monise with tints of purple under similar oonditions. 

But we may reverse the conditions, and lower the primary to 
a tint, retaining the secondary in its intensity. Thns blue, if 
reduced to a half-tint, will harmonise with orange of prismatio 
intensity in the proportion ef sixteen of blue to eight of orange; 
or, if reduced to a quarter-tint, in the proportion of thirty-two 
of blue to eight of orange. Bed, if reduced to a hdf-tint, will 
harmonise in the proportion of ten red to eleven of green; and 
yellow as a half-tint in the proportion of six yellow to thirteen 
of pnrple. 

The same remarks might bo mode respecting the harmony of 
shades of colour with those of prismatio intmsity. Thus, if 
orange is diluted to a shads of half intensity with black, it will 
harmonise with pure blue in the proportion of sixteen of orange 
to eight of blue, wd so on, just as in the case of tints; and 
this principle applies to the harmony of all hues of colour also. 

To go one step further: we scarcely over deal with pure 
colours or their shades or tints, or even come as near them as 
wo can. With great intensity of colour we seem to require an 
e^resl character, such as we have in those of light; but our 
pigments are coarse and earthy—they are too real-looking, and 
are not e&eroal—they may bo said to bo corporeal rather than 
spiritual in character. For this reason we have to avoid the 
use of our purest pigfinentB in auoh quantitios as render their 
poverty of nature manifest, and to use for large surfaces such 
tints as, through their subtloty of composition, interest and 
please. A tint the composition of which is not apparent is 
always preferable to one of a more obvious formation. Thus 
we are led to use tints which ore subtly formed, and such as 
please by their newness and bowQdor by the intrioa:^ of forma- 
tion. 

To do what I here mean it is not necessary that many pig¬ 
ments bo mixed together in order to their formation. The effect 
of which I speak can frequently bo got by two wcll-choson 
pigments. Thus a fine series of low-toned shades can be pro¬ 
duced by miring together middle-ohromo and brown-lake in 
TariouB proportions, and in all of the shades thus formed the 
three primary colours vrill be represented, but in some yellow 
will predominate, and in others red; while in mpaiy it will not 
be_ easy to discover to what proportionate extent the three 
primary colours ore present. 

Let ns suppose that wo make a tint by adding white to 
cobalt blue. This blue contains a small amount of yellow, and 
is a slightly green-blue. But to this tint we odd a small amount 
of raw umber with the view of impartiug a greyness* or atmo- 
spherio ebaraoter. Baw umber is a nenl^ colour, leaning 

* Cohalt, raw umber, and white moke a magniBcsat grey, both in 
^-colours in tempera (powder-eolours mixed with gum-wat«r) and in 
disl^mper (powdar-oolonsa mixed with eize). 


slightly to yellow—that is, it oonsists of red, blue, and yellow, 
vrith a slight excess of tiie latter. In order that an orange 
harmonise with this gtqy-blue of a slightly yellow tone, the 
<mnge must be slightly inclined to red, so as to neutralise the 
little green formed by the yellow in the bine. It may har¬ 
monise with the grey-blno as a pure tint if the area of the 
^nted and nentraUsed primary is suffioiently extended, or may 
itself bo likewise reduced to a tint of the same depth, when 
both tmts would have, in this instanoe, the same area. 

I might go on multiplying oases of this character to almost 
any extent, but these I must leave the student to work out for 
himself, and must pass on to notice that while it is desirable to 
use subtle tints (often oslled “broken tints"), it is rarely 
expedient to make up the full harmony by a largo area of a 
tertiary tone and a single positive colour, ^us, we might have 
a shade or a tint of citrine spreading over a large surfooe as a 
ground on which we wished to place a figure, Tto figure would 
harmonise in pure purple were it of a certain rise, and yet if thns 
coloured it would give a somewhat eommon-plaoa eSeot when 
finished, for the harmony would bo too simple and obvions. It 
would be much better to have the nineteen parts of oitrine 
reduced, say, to half intcnsiiy, when the area would be in- 
creased to thirty-oight, with the figure of eight parts of blue 
,and five of red, than of thirteen parts of pnrple. 

But it would bo better still if there were the thirty-eight 
ports of reduced citrine, three parts of pure yellow, thirteen of 
purple, five of rod, and eight of blue, together with white, 
blaok, or gold, or all three (these maybe added without altering 
the oonditions, as all act bb neutrals), for here the harmony is 
of a more subtio ohoraoter. 

If we count up the equivalents of the oolours omj^oyed in 
this scheme of harmony, we shall see that wo have, in the 
oitrine— 

ToUow.6 (two equivolonts). 

Blue.8 (one equivalaut). 

Bed.5 (one equivalent). 

In the purple— 

Blue.8 (one equivalent). 

Bed.$ (one equivalent). 

Of the pure colours— 

Yellow.3 (one equivalent pure). 

Bed.5 (one equivalent pure). 

Blue ...... 8 (one equivalent pun). 

Thus we have throe equivalents of oach primary, which give 
a perfect harmony. 

I must not say more respecting the laws of harmony, for the 
space at my disposal will not allow of my sor doing, but must 
proceed to notice certain effoots or properties of oolours, which 
I have as yet only, alluded to, or have passed altogether un¬ 
noticed. 

I have arid that black, white, and gold are neutral os regards 
colour. This is the case, although many would suppose that 
gold was a yellow. Gold wDl act os a yellow, but it is generally 
employed as a neutral in decorative work, and it is more of a 
neutrri than a yellow, for both red and blue exist largely in it. 
The pictorial artist frames his picture with gold because it, 
being a neutral, does not interfere with the tints of his work. 
It has the further advantage of being rich and costly in appear¬ 
ance, and thns of giving an impression of worth where it exists. 

Black, white, and gold, being neutral, may be advantageously 
employed to separate oolours where a separation is nocoasary. 

Yellow and purplo harmonise, but yellow is a light colour and 
purple is dark. These ooloura not only harmonise, but also 
oontrost as to depth, the one being light and the other dark. 
The limit of each eolour, wborevor those ore used in juxtaposi¬ 
tion, is therefore obvious. 

It is not so with red and green, for these harmonise when of 
the same depth. This being the case, and red being a glowing 
eolour, if a red objeot is painted on a green ground, or a green 
object on a rod ground, the “ figure ” and ground will appear to 
“ swim ” together, and will pr^uce a dazzling effect. Colour 
must assist form, and not confuse it. It will do ibis in the 
instanoe just named if the figure is outlined with blaok, white, 
or gold, and there wiU be no loss of harmony. But experionoe 
has shown that this effect can also be avert^ by outlining the 
figure with a lighter tint of its own oolonr. Thus, if ths figure 
is red and the ground green, an outline of lightra red (pink) 
may be employed. (See Proposition 26.) 
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A bine figure cm a red groimd (ae ultramaxino on carmine), 
or * red figure on a blue ground, will, also produce this swimming 
and unsatisfactory effect, but ^s is again obviated by on out¬ 
line of blaob, white, or gold. 

Employing tbe onllino thus must not bo regarded as a means 
of merely rendering what was notually unpleasant endurable, 
for it does much more—it indeed affords one of the richest 
moans of effect. A carmine ground well covered with bold 
groon omanient'having a gold outline is, if well managed, truly 
gorgeous; and were tho iiguro blue on the red ground, the 
lavii^ use of gold would render tho employment of yellow 
unnecessary, os tho slight produminanoo of this primary in tho 
metal would, together with tho yellow formed in tho eye and 
east upon tho gold, satisfy all requirements. 

It is a curious fnot that the eye wfil oroato any colour of 
which there is a dofieioncy. This it wiU do, but tho colour so 
created is of little use to tho comi)osiition unless white or gold 
are present; if, howovor, thoro bo white or gold in tho oomposi- 
tion, the colour which is absent, or is insufiiciently roprosonted, 
will bo formed in tho oyo and cast upon ilicse neutrals, and tho 
white or tho gold, os the ease may bo, will assume tbe tint of 
tho dofloiont or absent colour. (Soo Propositions 8 and 9.) 

Wldle this ooouTS (and sometimes it occurs to a marked 
degree, aa con bo shown by oxxioriment), it must not bo sup-" 
posed that a oomposition in which any element is wanting is os 
porfoot as one which reveals no want. It is for otherwise; only 
nature hbro oomes to enr assistanoo, and is content to help 
herself rather than enduro our sfiortooinings; but in tlio one 
cose wo give Nature tbo labour of comploting the harmony; 
while in tho other, all being prepared, wo reoeivo a souse of 
■atisfootion and ropoao. 

In Proposition 8 wo show that whan bluo and black arc 
juxtaposed tbo block becomes “rusty,” or assumes an orange 
tint; and in Proxjosition 9 we give tlio cause of this effect. 
Lot a blue spot bo placed on a black silk necktie, and howovor | 
block tho silk, it will yet appear rusty. This is a fact; but wo 
Bomotimos desire to employ blue on blnok, and wi.sh tho block to 
look black, and not an orango-blaok. How can wo do this i’ 
Obvioudy by substitating for tbo black a very dork blue, as 
btdigo. 

Tho bright blue spot induces orange (tbo complement of blue) 
In the eye. This orange, whou oast upon black, causes the 
latter to look “rustybut if we place in tho block an amount 
of blue Buffloiontto noutraliso tbe orange oast upon it, tbo effect 
will be that of a jet black. 

Wo have now eonsidorod those qualities of oolour, and those 
laws of contrast and harmony, which may be said to bo of tbo 
grosser sort; but wo bavo scareoly touched ou thoao considcra- 
tious whioh pertain to special refmomont or toiidurnoss of cffuct. 
But lot mo oloBo this part of my subject by repeating a stato- 
mont already mode—a statement, let mo say, which first led mo 
to porooivo really harmony of oolour—that tJwse colours, and 
those particular hues of colour, which improve each other to the 
ssimost, are those which perfectly harmonise. (Consider tius 
statoment in connection with Propositions 6, 9, 10, and 14.) 

Wo oome now to consider dolioaoies said refinements in colour 
affbots, whioh, altlmngh dopondont upon the skilful exci'ciae of 
the laws onnnoiated, oro yet of a ohnractor tho power to pro- 
duoe whioh only roaults from the oonaidoratiou of tho works of 
tho masters of great art nations ; but of theso effects I con say 
littlo b^ond that of xioiuting out what should bo studied. 

This principle I cannot pass withont aotioo—namely, that 
the finest oolonr effects are those of a rich, mingled, bloomy 
ohoraater. 

Imagine a luxuriant garden, tho bods in which arc fiUod with 
athoni^d flowers, having oU the oolonrs of the rauiliow. and 
imagino these arranged as olosely together os will permit of 
their growth. Wlion viewed from a distance tho effect is soft 
and rifflt, odd full and vorieil, and is all that is pleasant. This 
is Nature’s eolouring. It is our work humbly to strive at pro¬ 
ducing like beauty with her. 

. This loads mo to notice that primary eolonra (and seootidary 
oolqnrs, also, when of great intensity) ^ould be used ohiofiy in 
mosses, together with gold, wmte, or blatdc. 

. ’nsit tho Indian Huaeum ai Whitehall,* and considor the 
bcttt^ifcil Indian shawls and Bcarres and table-covers; or, if 

* This ttuseum is open free to tbe pnblic. 


unablo to do so, look in tho windows of onr largo drapers in the 
chiof towns, and see the true Indian fabrics,* and obserroths 
manner in which small portions of intense reds, blues, yellows, 
greens, and a score of tertiary tints, are oombinod wi& white 
and block and gold to produce a very miraolc of bloom. I 
know of notliiiig iu tho way of colour combination so rich, so 
bcautifnl, so gorgoons, and yot so soft, as some of those Indian 
shawls. 

It is onriouB tliat wo never find a purely Indian work other¬ 
wise than in good tasto as regards oolour harmony. Their 
works, in this respoot—whether carpets, or shawls, or dresa 
materials, or lacquered boxes, or enamelled weapons—are ahnost 
perfect—^perfect in harmony, perfect in riohuoss, perfect in the 
softness of their general effect. How strangely these worka 
ooutrust with ours, where an harmonious work iu oolonrs ia 
scarcely over soon. 

By tho co-mingling (net eo-mixing) of oolonrs in the manner 
just dosoribed, a rich and bloomy effect can be got, having tbe 
general tone of a tertiary colour of any desired hue. Thus, if 
a wall be oovored with littlo omamoulal floworots, by eolouring 
all alike, and letting each contain two parts of yellow and onO 
part of bluo and one of rod, tho distant buo wUl bo that of 
citrine: the same effect will result if tbe flowers are coloured 
variously, while tho same proportions of tho primaries are pro- 
serv'cd throughout. I can oouccivo of no decorative effects 
more subtle, rich, and lovely tlian ihoso of whiob I now speak. 

Imagino three rooms, all coimoctc i "by open archways, and 
all decorated with a thousand ilowcr-iiku ornaments, and thoao 
so coloured, in tliis mingled tuannor, tlmt in one room blue 
predominates, in another rod, and in another yellow; wo should 
then havo a beautiful tertiary bloom iu each—a snbtlo mingling 
of oolonr, an exquisite dcUcaey anil refinement of troutmont, a 
fulness such as always results from a rich mingling of hues, 
and an amount of detail which would interest when closely 
inspected; besides which, wo should havo tho harmony of tho 
general effect of the three rooms, the one appearing as olive, 
another us citrine, and the other as russet. 

This mode of decoration has tho advontugo that it not only 
gives richness and beauty, but it also gives purity. If pigments 
are mixed together they are theroby redueod in intensity, os wo 
have already seen ; but if placed side by side, when viewed from 
a distance tho eye will mix them, but they will suffer no diminu¬ 
tion of brilliancy. 

With the view of cultivating tbo eye, Eaatom works cannot 
bo too carefully studied. The Indian Mnsonm should be tho 
home of all those who can avail ihoinselvea of tho opportouily 
of study which it affords; and tho small Indian department of 
tho South Kensington Idusoum should not be neglected, small 
though it is.t Chino.so works must also bo studied, for they 
likewise supply must valuable examplos of colour harmony ; and 
although they do not jircsunt such a perfect oolonr-bloom os do 
tho works of India, yet they are never inhaxmor.ious, and give 
clearness and sharpness, together with great briUionoy, in a 
manner not attempted by the Indians. 

The best works of Chinese ombroidory are raroly seen in this 
country; but those nro unsurpassed by tho productions of any 
other people. For richness, splendour, and purity of colour, to¬ 
gether with a delicious coolness, I know of nothing to equal them. 

Tho works of tho Japanese are not to bo overlooked, for in 
certain branches of art they are inimitable, and os colourists 
they are almost perfeot. On tho commonest of their lacquer 
trays we generally have a bit of good colouring, and their 
coloured pictures are sometimes marvcla of harmony. 

As to the styles of colouring adopted by tbo nations referred 
to, I should say that the Indians produce rich, mingled, bloomy, 
•warm effects—that is, effects in which red and yellow prevail; 
that tho Chinese achieve clearness, repose, and coolness —a form 


* These will only be aneu in very firet-olaes shops, 
t It may not be generally known, but nearly all onr large numeu 
(aotvuring towns have, in oonueotlou with tho chamber of oommeroe, a 
coUeotion of Indian fabrics, filling several large volumes, whioh were 
prepared, at the expense of Oovenunont, under the suparintondence «< 
Or. Forbies Watson, and whioh were given to tbe varloiw towns on the 
condition that they be aeeesslble to all peisoBS who ora trustworthy. 
Althongh these eoUectleas do not embmoe the costly-decorated fabrics, 
yet nmoh eon be learned from them, and the combinations of eolonr 
are always harmonioni, A mttoh larger crilectiuB ie now in oont|| of 
formation. 
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of oolcmring ia which blue and white prerail; and that the 
Japanese effeots ate warm, simple, and qniet. 

Besides stadyinff the works of India, China, and Japan, study 
those also of ^tkey, and even those of Algeria, for here the 
oolooiing is modh better than with us, although not so good 
as in the oonntries first named. No aid to progress must bo 
neglected, and no help must be despised. 

Ihe South Kensington Museum has a very interesting ooUeo* 
tion of art-works from .China and Japan; but the latter are 
chiefly lent. It is a strange thing that the perfect works of 
the Boat are so poorly iUustrated in this national collection, 
while costly, yea, very costly works of inferior character, iUus- 
trative of ^noissanoe art, swarm as thickly us flics in August. 
This can only be accounted for by the fact that the heads of 
the institution have a feeling for pictorial rather than decorativo 
art, and the Benaissanco ornament is that which has most of the 
pictorial olemonts. To me, the style appears to owe its very 
weakness to this foot, for deoorative art should be wholly ideal. 
Pictorial art ia of necessity more or loss imitative. 

With the view of refining the judgment furtlior in respect to 
colour, get a good oolonr-top,* and study its beautiful effects. 
See also the “gas tubes ” illuminated by oleotrioity, as sold in the 
opticians’ shops, and lot the prism yield you daily instruction. 
Soap-bubbles may also be blown, and tbe beautiful colours seen 
in thorn carefully noted. These and any other available means 
of cultivating the eye should constantly be resorted to, us by 
such moans only oon we become groat colourists. 

As to works on colour, wo have the writings of Field, to 
whom wo ore indebted for valuable discoveries; of Hay, the 
decorator and friend of the late David B^orts, but some of his 
ideas arc wild and Utopian; of Chuvreul, whose work will bo 
most useful to the stndent; and the small catocliism of colour 
by Mr. Bedgrave, of the South Kensington Museum, which is 
excellent. ’The stndent will also do well to carefully study 
the scientific articles on “.Colour” by Professor Church in this 
work. 


TECHNICAL DRAWING.—XV. 

DBAWINO FOB MACHINISTS AND ENGINEEES. 

Tke pnrpose of this portion of our lessons in “ Technical Draw¬ 
ing” is to give engineers and machinists a series of lessons in 
those branches of drawing which arc connected with their work. 
The system laid down is elementary, hut every endeavour has 
been made to render the iustmetiou thorough, as far as it 
goes. 

It is not long ago since the study of mechanical drawing was 
supposed to consist in simply copying drawings of machinery, 
by accurate measurement and in very fine linos. This idea has 
now happily exploded, but the necessity for books which should 
show an artisan, first, wfiat ho ought to loam, and then how to 
acquire such knowledge, has boon deeply felt. 

It is B8 a contribution towards the accomplishment of this 
pnrpose that the present course of lessons is put forth, in tlic 
earnest hope of aiding artisans to mount a stop or two higher 
on the ladder of improvement. 

Booh part of this course of Technical lessons is, a.H far as 
possible, complete in itself; but as a knowledge of practical 
geometry and projection should underlie all instruction in 
mechanical drawing, tbe stndent is advised to read the lessons 
on “ Praotioal Geometry applied to Linear Drawing” and “ Pro¬ 
jection,” either prior to, or simultaneously with this; he will 
then be able to proceed with the advanced lessons in which 
the special application of those studies is shown. 

Free-hand drawing of a ohanicter adapted to the wonts of 
maohinists, drawing from objoots, and isometrical projection 
form the subjeots of the various sootions, and several initiatory 
lessons in drawing from rough sketches will bo introduced, these 
leasons being followed with a sovioa of drawings of modem 
maohinery and a few simple hints on the method of oolooring 
meehanioel drawings. 

* Not the so-callod colour or chameloon top sold iu tbo shops 
during the pest winter, hut the more scientifle toy procurable of 
optici^, together with the petforuted discs of Mr. John Graham, 
M.B.C.B., of Tunbridge, Kent. See also Tax FoF<ri.AB Edocatos, 
“^reatire Soieaae"—XK. (VoL VI.. p.asi). 


These lessons have been prepared with the greatest core, and 
are based on the result of long and varied experienoe in taaohing 
the subject. The lessons will therefore bo found thonoaghly 
praotical, whilst the infonna%>u given os to the hktoty and 
piinoipleB of action of the different pieoos of mechanism oannot 
fail to pruvo both usefnl and interesting to students. 

We cannot close our preliminary remarks without than^g 
tho eminent engiuoors and maohinists who have so kindly sent 
tts ooutributions of drawings end information; luid tho IhoMts of 
our lessons permitted, we should have gladly availed ourselves 
of their liberality to a greater extent than it will be found we 
have done. Their willingness to assist in tho edneation of work¬ 
men proves tho spirit of employers towards tho employed, which 
is one of tho moat glorious features of the age wc live in. 

MECHANICAL DBAWING aENEKALLY. 

The figures given in “ Practical Geometry applied to Linear 
Drawing,” and their application in “Projection,” will have 
shown tho student tho importance of absolute acenraoy and 
retinemoiit in mechanical drawing; and as tho aim of this poset 
of our lessons is to carry tho subject to a higher stage, the 
necessity for perfect oorreotuess of delineation will, as the 
studies advance, become more and more evident. 

Tho first lessons arc therefore designed for tho purpose of 
' offering manual practice, so as to give the student, not only 
tho power of measuring accurately, but ttt drawing his lines 
exactly whore he knows they ought to bo; for, strange as it 
may seoni to some, it is not so easy to draw iinoB which shall 
jiass exactly through required points, or which shall be abaalntely 
parallel to each other, as might bo supposed, even though the 
student is furnished with rule, square, and oompasses. It is 
hoped, howover, that tho practice afforded by the examples 
givoTi iu these lessons, and the hints aocompanying them, may 
show the learner the obstacles with which he is likely to meet, 
and enable him to ovoroorao them. 

Wo arc aware tlmt wc are addressing a body of youths and 
men whose work is sneh as to cause thorn to be “ heavy-handed,” 
and that tho hands accustomed to wield the hammer and file 
with such effect as to toll upon tho metal which has become 
more practically useful than gold, will find difficulty at first in 
loaning so lightly on their dividers that their delicate iwints 
shall barely mark tho paper, yet wo have known bammermou 
%vho ill Uioir earliest lessons onishod the very points of their 
pencils, benorao with i)rnctieo export and refined draughtsmen. 

We are conscious, ton, that wo ore writing for those who have 
been engaged for several hours in severe toil, whose occupation 
has not ailmitted of its being exercised in the open air, or even 
in airy ajartments, as might ho the case in many other walks 
of iiulustiy, but w1ki.so lalionr has boon carried on for the most 
jiart in necessarily heated workshops, under the lurid glare of 
tho forge-fire, amid tho din of steam-hammers, and tho thousand 
other noises inseparable from mechanical works. 

It might ho thought that from men so situated a sacrifice is 
demanded when they are urged to attend evening clossos, or 
even to imrsuo home study when their day’s work is over. Wo 
do not think so. We cannot believe that any man's work is 
really done, until ho has made an effort, however small, to 
(•ivolop those mental powers with which ho has been so moroi- 
fully endowed ; and ho will find, too, that tho effect of tho in- 
form.ation ho gains will not bo confined to tho ovcniTigs, but that 
the knowledge he acquires will increase his interest in tlio form 
and action of tho machines amongst which he is origaged, and 
Ills work will not only be done better, but with greater pleosnio 
than before. • 

The experience of many years has shown us that men who 
.are desirous of working as intelligent beings, attend the evening 
olaasoB witli tho greatest regularity, often bringing their sons 
to share tho instniotion given ; and that many hours ate spent 
at home in working out tho lessons which have boon received- 
In snoh practice these lessons will bo found especially useful, 
and therefore x>ractical hinls are given so that tho student may 
not bo delayed by not knowing “ how to go on.” 

Fig. 165 represents a dra^viug-board with T-square and set- 
square. ITie T-square should only Ijo used for linos in one direc¬ 
tion; for, unless tho hoard bo one which has recently been squared, 
it oannot bo dependeii upon, and tho linos drawn by moans of tiie 
T-squore, when guided by different sides of tho board, will not 
generally be found to bo at right angles te each other. 
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Although a low plain hinta on linear drawing, and a plain 
daiotiption ot aome of the mathematical inatramente mostly 
osed, have been given in onr loeaons on “Teohnioal Drawing,” 
some few of the remarks there given are repeated here to avoid 
the trouble of reference, together with each additions as the 
snbjeot of these lessons rendura necoegory. ‘ 

^e best T-squares are those which have the 
blade sorewed across the stock, which form (see 
Fig. 165) admits of the set-square being moved 
frNly along, in order to draw a line near the 
ed^ of'the paper, whilst it would bo obetmatod 
by the stook if the blade wore mortised into it. 

■It is.important that the set-square should 
be true .whichever way it may be worked, and 
this may be tested by drawing a line against 
its et^e when placed as at a (Fig. 165), and 
then turning it over as at n, bring its edge 
up to the line drawn; then if another drawn 
against the edge in its present position agrees 
Iterfeotly with the former one, the eqnare is 
tme; if not, it will require setting. 

Any worl^g man or etudent will, with a 
little oare, be able to do this for himself, by 
placing a sheet of very fine sand-paper on a 
perfectly flat surface, and rubbing the edge of 
the set-aqnore agaiilht it, keeping the square 
upright, and pressing a little heavier on the 
part which requires “easing” than on the 
other. 

It may be well, whilst speaking of this por¬ 
tion of &e snbjeot, to advise you to mb off the 
angles of the edges of your square. We do not 
mean that yon should actually 
level them, but merely mb off 
enough of the sharp edge to raise 
it almost imperceptibly above 
the paper, when the square is 
lying fiat; and wo recommend 
you to do this to all the edges, 
for a purpose of which wo will 
toll you presently. 

The T-squore, then, being 
worked against the left-hand 
edge of the drawing-board, will 
give all the horisontal lines, and 
can be moved higher or lower 
without laying down the pencil 
or inking-pen. Tho linos perpon- 
dicnlar to the others are drawn 
by means of tho sot-square, as p,,., 

shown in Fig. 165. Should it be 
required to lengthen tho litie, it is only ueoc.i- 
BOry to move the I'-sqimre downwards, keeping 
the sot-square in its place against it. If these 
instraotions are carefully followed, lines at 
right angles to each other will be ensured. 

In penoilling your work you will, os a general 
mie, find an un penoil tho bust for the larger 
parts, and an R for tho tooth of whools and 
more minute portions. Do carefni not to press 
too heavily on your pencil; tho lines should bo 
so lightly done that they can, if required, bo 
easily mbbed out with indio-rabber, without 
disturbing tho grain on tho surface of tho 
paper. 

Bemember that, as a rule, meohonioal draw- Fig. 109. 

ings are not left in pencil, tot that the pencil- 
lines ate meraly drawn as guides for inking. 
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Therefore as ' down. 

little load as possible should be deposited on the paper; for os | when nearly dry, one or two large blisters remain wMoh do not 


quired point, which annoyance will be prevented by another 
pencU-line orossing at the exact spot at which yon are to stop. 
If you have by mistake drawn a line too long, do not soratto 
out the superfluous length until after yon have coloured, as the 
roughened snrfaoe will cause the colour to ran. For mbbing' 
out on ink-line, if not too thick, you* will find 
ink-eraser, or very fine glass-paper (No. 1), 
better than the knife, as it removes the surface 
of the paper more equally. 

Never use writing-iak in your mathematioal 
instruments, Indian ink is sold in sticks, which 
may be purchased at from twopence to a shil¬ 
ling each. This should be mbbed iu a small 
saucer, or slab, with a little water. You should 
put some in your pen to tiy on a slip of paper, 
in order that you may know if it is ^k 
enough boforo you begin to work with it. A 
little indig^o rubbed with the Indian ink dsjrkeus 
it, and removes tho brown tinge. 

Drawing-boards of various kinds are sold; 
some are framed, some clamped, and some rab¬ 
beted. The different methods are all so many 
plans to secure tho board against twisting and 
crocking; and yot all of tbem, however inge¬ 
nious, fail, if the wood is not well seasoned be¬ 
fore ^e board is mode np; so that we advise 
yon, if yon are about having a drawing-board 
made, not to attend so much to the mp,1ce as to 
tho sfuf it is made of. Most machinists who 
are eonnoctod with large works will have seen 
something of woodwork, and tho carpenters 
with whom they may be associated ';^i, no 
doubt, give them tho benefit of 
their assistanoe in the matter. 

To persons not so situatod we 
suggest, that it is safer to buy a 
re^y-mado board, from a stMk 
which has boon some time in 
hand. They will then have an 
opportunity of selecting such as 
arc in some degree seasoned. 

For drawings such as tho ele¬ 
mentary studios in these lessons, 
or simple geometrical figures 
which arc soon finished, it will 
bo sufficient to fasten the paper 
down by means of drawing-pins, 
which may be bought at one 
halfpenny each; but if the draw¬ 
ing is likely to take some time, 
or is to bo coloured, it is best 
to “ stretch” tho paper. This is done os fol¬ 
lows :—Cut the sheet to a trifle smaller than 
your board, and turn np a margin about half 
an inch broad all round; then lay the p^er 
face downwards, and spread water over the 
snrfaoe (tho back of the sheet) with a sponge; 
allow the water to soak in for a minute or two, 
but keep the surface equally moist ^ over; 
raise the paper by its edges, tom it over, so 
that the wet side may rest on the board, and 
apply strong paste to tho tumod-np edges j mb 
those down, and in doing so draw the paper 
outward. It is a good plan to burnish the 
margin well with the handle of yonr penknife, 
by which means you press the air out, and 
make sure that the paper is properly pasted 
Tho board must then be placed horixontally to dry. If, 



the nibs of the inking-pen are drawn over the Unoe they gather 
np the grit of the le^, which lodges between them, causing the 


seem to decrease, prick a small hole or two in them with a 
needle to lot out the air, which wiU, in most oases, remedy the 


line to become thick and irregular. When, therefore, tho work i evil; if not, pass the sponge over the whole face of the paper, 
is flushed in penoil, it is advisable to pass the india-rubber . moistening it ospooially towards tho outer pact. It is advisable 
Ugbtly over the surface, by this means removing the loose par- | to operate upon a smijl sheet at first, nntU the “knaok ” of 
tiffio) of lead withont erasing the lines. { stretching is acquired. 

Draw all penofl-lines past eato other at tight angles and in -1 The sixe of the paper most generally used by students is. 
tsrSaofi<»u ; for as the edge of the rale partly obstmots your ! called “ imperisL” ^is has ^n fixed as tbe sixe for the 
tiM line when inking, yon are liable to pass over the re- i competitive drawings sent to tfio Government Departmen^of 
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SdeBoe and Art, and is found the moit oonvonient for ^noral 
purpoies. It ia, therefore, advisable to have your drawing:- 
board made of Vae eame size ae the paper, thus avoiding waste. 
The whole sheet is 30 in. X 22 in. Yon will find it enough for 
the preseitt to use the ha?/sheet, the size of which will bo 23 in. 
X15 in. Your board should bo a trifle larger all round. 



Be careful that yon inaline your pencil so that its jpowii ii 
guided by the set-square all along ; otherwise your lines will 
not be upright. 

When properly ponoilled, dust off the load on the snifaoe 
with india-rubber, aud then ink your work as already direote^ 
Hold your draw-pen es upright os possible, leaning your first 



LINENS OBAWINO BY MEANS OF INBTBUMENT8. 

Fig. 166.—The object in this lesson is to give practice in 
mling straight linos at equal distances apart, and of the same 
length and thickness. 

Draw a light Une at the top and another at the bottom. 
These lines are to be ruled by the aid of the T-squore, worked 
against the left-hand edge of the drawing-board. 

Take the distance between the lines A b in your dividers, 


finger on the head of the screw. If yon slant the pen only one 
of its nibs will touch the paper, then the edge of your line will 
bo ragged. 

Before inking, rule a few lines on another pieoe of paper to 
try if your draw-pen is as open as is required to give the proper 
thickness of line, or if the ink is of the right colour, etc. You 
will find this little precaution will sometimes prevent great 
and I annoyance, and often save a drawing from being spoiled. 



Fig. 170. 



I'ig. 171. 


set it off OS many times along the bottom line as may bo re¬ 
quired. 

(The 'dividers are the smaUer-sizod compasses without the 
pencil or pen 1^. Ii yon have not one of these, you must use 
your oompasB, taking care to insert the steel leg instead of that 
which holds a pencil.) 

Having, then, set off from a the lengths B, c, d, B, f, o, keep 
the blade of your T-square horizontal, but moved a trUe lower 
down. Flaoe your se^square ag^nst it, os shown in Fig. 165, 
ao^raw pntpendicolarB from the points marked. 


Fig. 167.-—This figure will afford practioe in dividing a 
square into several smaller ones. The study of linear drawing 
will have shown the geometrical method of oonstr uoting the 
original figure and of dividing lines; it is therefore only neces¬ 
sary hero to advise yon in drawing the square in pencil to oarry 
the sides beyond the angles, which enables you when inking, 
and your rule covers the figure, to know the exsot point at 
whioh to stop. This is important, for if yon do not draw your 
ink-line quite long enough, you will have the trouble of “ piecing ” 
it, whioh is always difficult, but especially so if the line be fine; 
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and if too long, you trill lumi to erase the mperfittoas lengrtib, 
trhiofa canses annoyanoe and trouble, and in doing which the 
angle of the square is often damaged. 

Fig. 1Q3 is an exoroisa in the accurate use of the set-square 
of 45». 

Having drawn the base (a), and ono other side of the equaro 
(as b) at right angles to it, place the Hot-squore of 45° so that 
its hypotitenuse* may enter the right angle o; draw the lino 
which win subseqnentiy become ono of the ^agonolB. Now from 
the extremities ^ the two sides of the square draw linos for 
the oihei two sides, and these shonld meet at X), on the line c. 
If this is not the case, the lines ore not at right angles to each 
othmr, or there is some other inaccuracy, and you hod better rub 
your work out, to avoid being compelled to do so when further 
advanoed. 

'Having now drawn tlio equaro and one diagonal, draw tlie 
other. This must also bo done with the set-square, for if your 
dgnro bo aoouTute, the set-square placed against the ono angle 
should give a lino direct to the other. Divide the base into the 
required number of equal parte, and moving'the set-square 
along the T-square, draw the lines aoross in each direction. 

The utmost core is necessary in doing this, for it must bo 
pointed out that it is only required to mark the division on the 
base, sinco the lines drawn from these should givo tho points in 
the sides. Thus tlto lino drawn from n will give tho point a, 
and if the work bo oorrootly dono the hypothonnso of the sot- 
square when reversed should givo F H and the oilier linos 
parallel to it. 

Fig. 1C9 shows the mode of drawing linos to indicate that 
the drawing represents a section or cutting, and is another 
example of the* use of the set-square, those lines being drawn at 
45°. Care is nooessary in keeping them all tho same distance 
apart, and of the same thickness. Thu lines which on tho right- 
hand side ore thicker than those on the left are colled sluidc 
Hues. They indicate that a square open tube is ruiirusuuted, 
and that the light is proceeding from tho left side. If it wore 
intended to show that the walls of tho tube ore out through, 
and that the space they enclose is filled up by a flat board not 
out through, the lines a and b would bo drown of tho some 
thioknosM as tho other two. 

Fig. 170 is an application of Fig. 1C8, and roprosouts an iron 
grating. To draw this figure, proceed os in Fig. 1G8, working 
all tho orossing lines in dote or very finely. On each side of 
the intersections set off half tho width of tho bars, us shown at 
a, b, e, d, and through these points, by means of the sct-sqnurc, 
draw llio necessary linos, all of which must bo parallel to tlioso 
previously drawn. The rest of tho subjoct will now bo easily 
completed without further instructions. 

Fig. 171 is another application of tho same study. Having 
drown the original fine linos orossing tlio square, sot off half tho 
thickness of tho bars as shown at a, b, c, tl in tho }>ruriouB 
figure. From tho same points mark off the sorai-diogonal of 
the square which is to bo drawn at each interseotien—viz., e, f, 
g, h. It will bo seen that ono square will guide those ef two 
Itees at right angles to each otlier; tlius e h and g f produced 
will givo the horizontal linos of all tho squares on tho same lino, 
whilst « g and h f will givo tho porpondioulors of all tho squares 
above and below tho square e gf h. If this plan bo pursued, 
instead of measuring each square separately, much time will 
be saved. 

ANIMAL COMMERCIAL PRODUCT^.—X. 

PIUSpUOTP OF THE CI.ASS AYES (eonfinuc.);. 

SBD-TBAraKnS. 

Tub lower barbs in feathors are usually looso, and form tho 
down, whioh is ealled the " hcoossory plume.” Tho quantity 
ot tSis down varies in different species of birds, and oven in the 
feathers taken from diffotent porous of tho body of tlio some 
bird. It is most abundant on aquatic birds, and os the value 
of bed-feathore depends on its amount, the feathers of ducks, 
SWOBS, and geese—which hare the “ aoeessory plume *’ nearly 
os lacp 08 the feothor—are the most esteemed. 

The qualities sought for in bod-festhors—softness, elasticity, 
Ul^tma, and warmth—are oombined in common goose feathers; 

* H)i)iotk«n«N. The longest ride of a rlght-saglsd triangle. 


they are considered best when pinoked from the Uving Urd, 
and this ornol operation is ideated from three to five times in a 
year. Young birds ore plucked as well as those of motnie 
growth—^the early plucking being supposed to favour the growth 
of the feathers. Tho less valuable kinds of feathers,-obtained 
from turkeys, ducks, and fowls, are also used for bed-stuffing, 
and are called “ poultry feathers.” 

Eider Duck (Anas moUissima ).—This bird farnishes the 
softest, finest, and most valuable down-feathers that are in the 
market. Eider-down is procured from the nest of this bird, 
whioh robs its own breast of feathors in order to make a warm 
home for its young. Tho eider ducks build thrir nests in great ' 
numbers, in almost inacoessiblo rocky situations on tho coasts of 
Ireland, Scotland, tho Faroe Islands, Lapland, Nova Zemblo, 
and Spitzbergon; and those nests are, at groat risk of life, 
annually plundered of thoir down by tho fowlers. Eider-down 
comes to this country in tho form of balls, about the size of 
a man’s fiat, and weighing throe or four pounds. It is so fine/ 
and soft, that if ono of these bulls is spread and warmed over| 
hot coals, it will expand and fill a bed big enough for two' 
persons. Eider-down is only used as a covering for beds, and 
never should be slept upon, as it thereby loses its elasticity. 

In 1864 our imports of bed-fcathors from Huasia, Hamburg, 
Franco, and other parts of the Continent, amounted to 8,786 
cwt., .valued at Al76,488; white ostrich feathers, 16,192 lb., 
valued at £113,480 ; block ostrioh feathers, 26,643 lb., valued 
at £80,583; and feathers of all other kinds, 24l86 lb., valued 
at £11,485. 

■ qUILIi FENS. 

The earliest pons, such os wore used for writing on papyrus 
with a fluid ink, were made of reeds. Bccd puns are atiU in use 
in Arabia, as tliey suit the Arabic cbaroctei' Imttor than quill 
pens. Those rouds are collected near the shores of the Persian 
Gulf, whence they are sent to various parts of the East. Quill 
I>ous are chiefly supplied by tho goose, swan, and crow—^tho 
ostrich, turkey, and other birds occasionally contributing. 
Crow quills ore usually employed in fino drawings, on aooount 
of tho fino point to wliich they can bo brought. Goose quills 
ore employed for ordinary writing; but swan and turkey qaiUs, 
being larger, are preferable for copying. 

Two prinoii>al sorts of quills are known in commoroo—viz,, 
Dutch quills, which ore transparent and glass-liko; and Ham¬ 
burg quills, which are milk-white and clouded. Dutch quilla 
are much ostoomed ; the Dutch wore the first to find out tho art 
of proporing quills fur inarkct, by romuriug the oil which im¬ 
pregnates them, and prevents tlio ink-frotn flowing freely along 
tho pen. Quills are obtained in tho greatest quontitioa from 
tho countries along tho Baltic; Hamburg is still tho principal 
place for is-eparing and exporting them. Next to tho Ham¬ 
burg and Dutch quills, those of Biga ore much liked, especially 
in England. 

The manufacture of steel pens does not appear to have dimi¬ 
nished tho demand for quills. In 1855 wo imported, indepen¬ 
dently of our homo supply, 26,500,000 goose and swan quills. 
Tho quilla used are tho five outer feathers of tho wing, which 
are classified according to tho order in which they are fixed in 
the wing, tho second and third being tho beat. 'With proper' 
management, a goose may afford twenty quilla during the' 
year. 

In the fens of Linoolnshiro, geese are kept in large numbers. 
During the breeding season they ore lotlgcd oronnd the owner’s 
house. A gooaohord, it is said, can distinguish every goose in 
the flock by tho tones of its voice. 

PEOD0CT8 OP THE CLASS EEPTILU. 

.pcprilicL (Latiu, repliUa, from repto, I creep).—Cold-Ucoded, 
vertebroted animals, having a heart so oonstruoted as to trans¬ 
mit only a portion of tho blood to the lun^. ’The blood is 
therefore imperfectly oxygenated, and there is a lower riegree 
of animal heat. The amount of venous blood, however, trans¬ 
mitted to the general system varies in tho different reptdles, 
and in proportion as there is less or more of it, is there a corre¬ 
sponding difference in their temperature and vital ootiTity. 

As reptiles have no need of preserving a temparaiure many 
degrees warmer than Idttd: of the medium in whioh they live, 
they are covered with soelos, or hard bony plates, and without 
tho warm clothing of tho bir^ sad mammalia. • 
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The olasB BeptiUa ia divided into foor orden, viz.:— 

1. OheUmM (Greek, ehelone, a tortoieo), which ore oharootor* 
iaed onoloaare of the body in a donble shiidd or ehell, 

ouL of which extend the head, tail, and four oxtromities. 
Examples: tortoise and tortlo. 

LoicertUia^ or Sawia (lizards), having the body and tail 
olongdlSd,' the jaws furnished with teeth, the skin covered with 
scales, and the foot generally four in number. Examples: green 
lizard and blind-worm. 

3. Crocodilia inolndo the alligators of America, the true 
crooodileB oif Africa, and the gari^ of Asia. Gigantic lizards, 
coTorod with closely-set bony plates. 

4. Ofhidia (Greek, ophis, a scrpent),'which ore distinguished 
by the ahsonoe of the extremitios, as in the snake. 

The Chulonia arc oommoroially the most valuable of the 
above orders, as we derive from thorn two important ortiolos— 
turtle soup and tortoise-shell—^tho former the greatest luxury of 
the table, and the latter the most prized of homy materials. 

Qrecn Turtle (Oholonia nvijdas). —Tliis is one of tlio largest 
of the genus, often measuring five feet in length, and weighing 
between 500 and 000 pounds. It receives its name from the 
green colour of its fat. Its flesh is much esteemed, and in 
this country it is regarded os a groat luxnry, large qnantitioa 
being continually imported for the supply of tho London 
taverns alone. Green turtles are mot witli in the Atlantic 
Ocean, whore they are widely distributed. They are fnnnd 
in great abundance near tho Bahama Islands, and when tlioy 
come ashore to deposit ttioir eggs in holes in tho sand are 
usnally caught, either by harpooning or by turning Ilium 
over on their Wks, for when onco turned they cannot got 
on their feet again. The Chinese catch them with tho sucking- 
fish (Remora), which is put into tho water with a string tied to 
its toil. Tho romura darts at tho tnrtlo, to which it firmly 
odhoi'OH by means of its suoking apparatus, and both fish and 
turtle are thou drawn into tho boat. 

Mr. Darwin thus desoiibos tliu capture of this turtle at 
Keeling’s Island: “ Tho water is so clear and shallow that at 
first u tnrtlo qniokly dives out of sight; yet, in a canoe or boat 
under soil, tho pursuers, after no very long chase, come np to 
it. A man standing ready in tho bows at this moment dashes 
tlirough the water upon the turtle’s back; then, clinging witli 
both hands by tho shell of tho nock, ho is carried away 
until tho animal heoomos exhausted and is secured. It was 
quite on iutercstiug chase to see tho animals thus doubling 
about, and the mon dashing into tho water trying to seize their 
prey.” 

Hawk’s-BiU Turtle (Oholmiia imbricaln). —'rho liorn-liko 
plates of this animal, and also of tho corett, or giant tortoise 
(Testudo caretta), which lives in all the seas of tho torrid zone, 
furnish tho tortoise-shell of commerce. The island of Ascension 
is a placo of resort fur tliose reptiles, and thousands of them are 
annnoUy destroyed there. In most spooics of tortoise tho scales 
which compose tho carapace or upper covering adhere to each 
other by their edges, liko inlaid work; but in tho hawk’s-bill 
turtle tlioso scales arc imbricated, or overlap one another, liko 
tho tiles on tho roof of a house. Tho head ia also smaller than 
in tho other tortoises; but tho nook ia longer, and tho beak 
narrower, sharper, and more emwod, resembling a hawk’s hill. 
The lamolhc, or plates of tho shell, are semi-transparent, and 
turiogated with whitish, yellowish, reddish, and dark-brown 
clouds au<^ undulations, so os to constitute, when properly pre¬ 
pared and polished, an elegant article for ornamental purposes. 
Tho shell of this animal is therefore largely imported into this 
country, as much as thiriy tons’ weight being annually con¬ 
sumed by the numufocturors. Tortoise-shel't is U8e<l for tho 
handles of penknives and razors, spectacle-frames, card-cases, 
ladies' side, bock, and dressing combs, and for inlaying work- 
boxes. The best tortoiso-sbeU comes from the Indian Archi¬ 
pelago, where Singapore is tho principal por; for its exporta¬ 
tion. It is also sent from the West Indies; from tho Galla- 
pogoB Islands, mtuatod on tl)o west coast of South America; and 
from the Mauritins, Cape Verde, and Canary Mands. 

“A large number of turtle eggs are soourod every year for 
the soke of turtle oil. The eggs, when oollocted, are thrown 
into long troughs of water, and being broken and stirred with 
shovels, they remain o^QKiBod to the sun till the yolk, the oily 
part, ia collected on t^ surface, and removed and boiled over a 
quieff fire. This animal oil, or ‘tortlo grease,’ is limpid, in¬ 


odorous, and Bcaroely yellow; and it ia used not merely to bum 
in lamps, but in dressing victnals, to which it imparts no dia> 
agreeable taste. The total gathering from the shores between 
the junction of the Orinoco and Apure is 5,000 jars, and it 
takes about 5,000 eggs to furnish one jar of oil.” * 

FBODUCTS OP THE CLASS AMPHIBIA. 

Rana esdulenia (edible &og).—This species is oaten ia 
France. 

_ Rana pipiens (American bull-frog).—The hind limbs ore con¬ 
sidered a great luxnry, and are exposed for sale in the markets 
of the United States. 

Siredtm pisciformo (the axolotl).—^Inhabits tho lake near the 
city of Mexico, where it is very abundant, attaiuing a length of 
from ten to fifteen inches. Thonsands are sold, and esteemed a 
great delicacy by tho Mexicans. 

PBODUOT8 OP THE CLASS PISCES. 

Vertebrate animals inhabiting water, breathing by moans 
of branohiffi or gills —vascular organa into which the circulating 
fluid enters, and which is submitted in a state of minute sub¬ 
division in the vessels of tho gills to the air contained in the 
water, and so oxygenated—swimming by means of flattened ez- 
f)anded organs c^lcd fins, tho entire body being mostly covered 
with cartilaginous scales. Tlio specific gravity of fishes is 
nearly tho same as that of tho watery olomout in which they 
live. Moat of them have a mombranons bag at tho lower side 
of tho Bxiinol column, known as tho “air-bladder,” which is so 
organised tliat the ftsli can vary its specific gravity by contract¬ 
ing or expanding tho bladder, expelling tho air or taking it in, 
and so sink or rise in tho water at pleasure. It is somewhat 
remarkable that this air-bladder is quite rudimentary or alto¬ 
gether absent in fishes which live mnch nt the bottom of the 
water, seldom or never coming to tho surface, such os plaioe, 
turbot, and sole. Progression in any direction is effected by 
tho movements of tho tail. The craving for food seems to ba 
that which gives the chief impulse to their movements. Their 
rapacity has no bounds whatever; oven when taken out of the 
water, and just expiring, they will greedily swallow tho very 
bait which lured them to destruction. 

The class of fishes has been sub-divided by Cuvier into two 
sttb-classea. 

1. Pisces omei, or bony fishes, comprising those which have 
a tmo bony skeleton. Examples : herrings, salmon, and cod. 

2. Pisces cartilaijinci, or cartiluginuns fishes, inrhiding those 
in which the skeleton nevor posses beyond its priinitiva con¬ 
dition of gristlo or cartilage. Examples: tho sturgeon, ray, 
and shark. 


rUOJEOTTOK—X. 

PBNETBATIOKS OP SOLIDS (fontinMtd). 
rnOJKCTION OP BUIIiDlNUS. 

It is now necessary to develop tho larger eylindor, ond to 
draw aoonrately upon tho development the form of the aperture 
through whiuh tho smaller one shall pass. Now it must be 
home in mind that this aperture, notwithstanding that it is to 
contain a cylinder, will not bo a circle when tho surface 
through which it is pierced is laid out flat. 

This will bo evident on referring to tho plan in Fig. 100 
(page 205), whore tho length of tho straight lino e to e' is the 
width of the penetrating cylinder; whereas tho distance 
between e and when measured on tho ciroumferonco of tko 
plan, would bo mnoh more; hut as the axes of tlio two oylindors 
penetrate each other at right angles, tho diameter in the eleva- 
rion will remaiu unaltered. 

The development of tho general form of tho cylinder will bo 
aeoomplished by tho method shown in Fig. 84f (page 101). * 

On this development (Pig. Ill) draw a centre lino A** repre¬ 
senting A in the plan. Tho outer perpondioulnrs B* b" will 
represent b in tho plan. On each side of A" sot off the lengths 
gfe, and ereot perpendionlnrs; then the heights of tho points 

* See Bates' ‘'HatumUst ou the Amazon." 

tTho difference between this distance on the curve sad on a straight 
line would ha considerable, thereloro divide it into several parts, z, x, x, 
and set them off separately, by which menus the diflOreuco will bo 
lessened. 
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oomipondmgly lettored in the elerntion, marked off on these 
pegrpendionlars, will gire points through which the devdopment 
^ apertnre may be tauwd. 

It now only remains to develop the form of one iff the ends 
iff tiie penetrating or emaller cylindor. To do this, draw a 
horisonW line 112), and about the middle at x ereot a 
perpendioular. On eaoh side of 2 set off the distances/, g, c, 
into whioh the end of the smaller cylinder is divided, and from 
these punts ereot perpendiculars. On those set off the lengths 
of the lines beta^ x x (Fig. 109} and the plan of the larger 
oytinder—wiz., x e, x /, o 9, o' n, etc. The onrve uniting the 
extremities of these perpendiculars will give the form in which 
the pieoe of metal is to be out, eo that when rolled and joined 
at its enter edges, it may form a part of a cylinder of the 
required size which will exactly fit to the aperture in the larger 
oyliader already explained. 

VO DBAW A CONK FINETBATED BT A CTLIKSXB, THEIB 

AXES BBINO AT BIOUT ANOliBS TO EACH OTHER (Big. 113). 

Draw in the first place the mere elevation of the cone, arc, 
and of the cylinder, d o' x x', intersecting each other in 
X r' o o'; from these the general plan may be projected in the 
borisontsl plane. The next prob^m for solntion is the curve 



line may be followed throngbont) the same lettering is given 
—^namely, d' V d. From these points cany perpendionlars 
cutting the base line of the elevatioa of the cone in d' b' d, 
and ctow lines from these points to the apex, c, of the 
cone. Intersect those lines by others drawn from b e dm the 
original semieircle, and through the points thus obtained the 
curve of penetration, starting at x and a, and ending in x and 
o', is to be drawn. It is now necessary to show on the plan 
the onrve formed at the junction or penetration of the two 
bodies. Four points in these curves may at once be found by 
dropping perpendiculars from x, x' and o, o' in the elevation to 
cut X X in X, x' and a, o'. Now it will be remembered that 
every horizontal section of a right cone is a circle, and thus the 
lines parallel to the huso on whioh the points h, e, d exist, are 
really edge elevations of oirdos, the diameter of which is 
regulated by their position on the cone. The lengto from point 
1' on the edge of the cone to 1 in the axis is thus the radius of the 
drole on which the point h, and the corresponding point beyond 
it, are placed. Therefore, with this ra^ns describe a circle 
from the centre of the plan, and drop a perpendicular from h, 
cutting it in b b. Draw a circle from the same centre of the 
plan with radius 2 2', and a perpendicular from e, cutting it in 
e e. Draw a circle from the same centre with re^us 3 3', and 
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which will bo generated by the intersection of the cylinder 
(which is a round body of equal diameter) with the cone (which 
is a round body of ever decreasing diameter). At d d' draw 
the perpendicular r i equal to the Sltitude of the cone, and 
from J, the middle lino of tho elevation of the cylindor, describe 
a semiciTele equal to half tho end of the cylinder. From i draw 
a line touching tibia semicirole in c, and reaching the intersect¬ 
ing line in d. Between d and e and e and »' mark off any 
number of divisions, as 6, d, etc. It idust, of course, be under¬ 
stood that toe greater the number of divisions marked off, the 
greater will be toe number of points subsequently obtained, and, 
^ course, toe greater the accuracy of the intersecting curve 
and developme&t; but toe object of the author is to make toe 
operations as dear as possible, and therefore, in order to avoid 
one set iff lines passing over another, and causing difficulties 
and confusion, he has only marked one division (b) in toe upper 
and ime (d) in the lower portion of the dovation. The student, 
w&o is expected to weric this figure to a much larger scale, will, 
however, do wisely to use many more points, all of whioh are 
worked in toe same manner.' From I draw a line through b 
cutting toe intersecting linq in b', and from i draw a lino 
through d cutting toe intenmeting line in d'. Through the 
imtre of the plan draw the line x X, and carry perpendionlars 
io it from d V £ i ud from o', w^ radius Dd,ob,j» e, draw 
pzee cutting i s produced in pcinte similarly lettered. 

IVom thMe points dmw lines posallel to X x, cutting the 
plan of toe oone in points to which (in order i^t the same 


a perpendioular from d, outting it in d d. Draw the onrve 
rdebr'deb, which will bo the plan of toe aiiertnro required. 
(Of course toe corresponding linos on toe other side will give a 
similar result.) 

TO PROJECT A 8UAI.I, OHRBCH XBOXt THE FEAN (Fig. 114). 

The church, it will be seen, is made up entirely of simple 
solids—viz., square prisms of various lengths, triangular 
prisms, and a square pyramid; and as the student has already 
had some practice in these, he will find, it is believed, but little 
(if any) difficulty in following out the instruotions, altoongh the 
diagram is not lettered. 

'^e bnilding is to be considered in the first instance 
formed of tho square prisms only—that is, divested of the 
triangular prisms whioh form the roof, and also of the pyramid 
whioh forms the spire. 

These solids, then, will be represented in toe plan two 
rectangles orossing each other at right angles, and as th^ are 
equal to width their toterseetion is a square, whioh is the phm 
of the tower; the toorter end of toe longer rectangle then 
becomes toe plan of toe chanoel, and toe longer end toe plan of 
the nave; tto smaller reotongles form toe plans of toe tran¬ 
septs. It is advisable now to proceed with toe projeotion of 
toe bo^ of the ohnrob from the plan. This operation is reiy 
simple, requiring only that perpendionlara toould be drawn 
from toe various points, ikom toe two front angles of toe 
I tianaept which fama the spectator, therefore, ^w perpeor 
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dionkn, and a Itorisontal line cattiii; them off at a height 
above t^ inteneotisg line equal to the required height of the 
mdle of the ohnroh. This horizontal line may be drawn of in¬ 
definite length, M it will regulate the height of the whole 
body of the building. A perpendicular drawn from the third 
angle of the traneept lie front left-hand corner of the 
equare) will give the one edge of the tower of which the equate 
ia the plan, and a perpendioular drawn from the right-hand 
corner of the square will give, not only tho side of the transept, 
but will, if continued, give the right-hand lino of the -front of 
tho tower: further, a perpendicular raiaed from the distant 
right-hand comer of the square will give the side, the height 



of which may be determined by a horizontal to form the top 
line of the walla of the tower. 

Next draw perpondioulars from the two angles of the right- 
hand end of the longer rectangle, and these carried up will give 
the projection of lh« rectangle, or wall forming the extreme 
end of '^e nave. 

We now return to tho plan, and draw the diagonals, which 
constitute the plan of the edges of the pyiamidioal Spire. From 
th^ intersection draw a perpendicular, and on this mark the 
height of the teqnired pyramid, this line being the axis. From 
tho apex tiins fi^ dtaw lines to the upper angles of the pro¬ 
jection of the tower, wmoh will complete the spire. 

Again reverting to the plan, draw lines throngh the middle of 
the rectangles, widoh will give the plans of tho ridgee of the roof 
(Fig,46, pags78). From the point where the ridge-line meets the 
front of the transept draw a perpendioular, and mark on this, 
above the top line of the walls, ^ perpendimlar height shown 


in the dotted triangle annexed. Join this point to the upper 
comers of the front of the transept, and this will oomplete its 
gable. From the apex of this triwgle draw a horizontal line, 
and intersect it by a perpendicular drawn from the point whm 
^e ridge-lino in tho plan outs tho front line of tho square. This 
intersection will give the point where the ridge meets the &ont 
of the tower. From this point draw a line parallel to that side 
of the triangle, and this will complete itho visible transept} the 
opposite one is, of course, hidden by the body of the church, 
and could not therefore bo seen in the present view. The 
student is, however, advised to project this object on the inclined 
lilano, as shown in Lesson IV. (page 72), when the npper x>ortion 



and oarry it np between tho two lines which represent the 
edges of the end of the nave. Draw a perpon£onlar, too, from 
the point where the ridge-lino cuts the plan of the tower." A 
horizontal drawn from the gable-point of the tranzept will out 
those perpendiculars, and give the corresponding point in the 
end of the nave, and in the port of the root which meets the side 
of the tower. Produce this horizontal until it meets a perpen- 
dionlair drawn from the end of the ridge of the dianoel in tho 
plan, and this will give the distant pomt in the ridge, and thaw 
oomplete the projection of the oburoh. 
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AGEICULTURAL CHEMISTRY.—T. 

Bt CKAJU.X8 A. CAHKBOM, M.O., FH.D., 

Profonor o{ Hjrgiene In tlaa Boyul Colloge of Surgeoni, ItaUmd, eto. 

CHATOEn V.—INPtUENCE OF CDLTIVATKIN AUD * 
DttAliTACkB UPON SOILS. 

When crops are grSwn in a rich field year after year without 
any manure being applied to it, its soil soon eeasos to bo very 
pr^nctive. It was fbrmcrly the general opinion amongst 
agrlcultorista, luid even amongst agricaltnrol obemists, that 
Bmnannred land, if heavily cropped, would soon become per> 
feotly infertile, or barren; but tlio aoouratcly conducted invos- 
-t^tions of Mr. J. Lawes, of fiothamstoad, and the prolonged 
.experiment of the late Mr. Smith, of Lois Weedon, prove that 
\lt ii not in man’s power to reduce fertile soils to a condition of 
rkbsolnto sterility. Indeed, it would appear that no system of 
.■husbandly, however improvident, is capable of permanently 
deteriorating the produotive powers of the earth. 

> J. B. Lawes and 'the llev. Mr. Smith have grown 
crops year after year for a long period in the same field, 
without the use of any kind of manure. Nor were the crops 
obtained very inferior either ■with regard to quantity or quality. 
Under ordinary oiroumstanoos, however, it is found expedient 
to restore to the soil, wholly or partly, in the form of monurp, 
■the mineral substances removed from it by crops. Tillage, or 
cultivation, is to a groat extent a substitute for manure; and 
the less fertilising matter applied to the soU, the greater is the 
neoessity for its thorough mechanical treatment. TIio quantity 
of fertilising matter present in most soils is practically in- 
exhanstiblo; but only a minute proportion of it exists in a con- 
I dition in whioh it can immediately contribute to the nonrish- 
i mont of plants. 

We havo already shown that fflle io ph osphate is essential to 
' plants, and that it is an ahnndahlTmgTodionFbf their ashes. 
Now every soil capable of growing vogotables contains this 
substance, but chiefly as an ingredion^t of stones and coarse 
psrtlales, upon which plants cannot feed. Any one who 
oxaminoB a spoeimon of clay will sec how very little of it is in 
the state of oven coarse powder. It is the very finest powder 
oontainod in the soil which snpplies the groat bulk of the 
mineral food of plants; honoo any process by whioh the coarse 
Itnnps and xmrtioles are pulverised increases the productiveness 
of the land. It was only by means of thorough cultivation that 
Mr. Lawes and the Bov. Mr. Nmith suoooedod in growing crop 
after crop of wheat in succession, in the same field, and without 
■the use of manure. 

It would appear that the most exhanstivo system of cropping 
may soon put land out of eonditimi, but cannot affoet its 
fertility. In practice, poor and inferior lands always remain so, 
whilst a rioh soil can only for a brief time bo reduced to an 
inferior condition. If, as Mr. Lawes truly observes, it wore 
possible by any system of cropping to abstract all, or oven the 
greater portion, of the olomonts of fertility from the ground, 
there wonld not now bo a fertile field in these countries. Needy 
landlords and poor tenants wonld long since have taken evory- 
tliiDg worth abstracting from the fields of these islands. 

A good piece of land, well manured and sufficiently tilled, 
prodnoes so many bnshols of corn per acre. If tho manure bo 
diaoontinuod, and tho amount of tillage not augmented, on im¬ 
mediate and largo deoroaso in tho in->ductivoncss «f tho land 
remits, and in two or three years it goes out of oonditimi. 
lio yield does not, however, oontinuo to docrooso, for after a 
abort time it remains stationary for an indofliiito period. 

^ The amounts of potash, phosphoric acid, and other of tho 
j mineral elements of the food of plants are so very large in loams 
and eloya, that it would require centuries of cropijing to wholly 
Qxhauat them. They nre, however, bound up in tiro rooky 
portion of tho soil, and (miy a miuuio proportion of them is 
annually sot free. It is a wise arraugement of Providenoo that 
phosphorio acid and potash should bo looked up in the soih and 
even that the earth should contain such small proportions of 
■these Bubstanees. Were it otherwise—wore potash, phosphorio 
add, and the other ash ingredients of plants supplied in ah 
(available form, and in unlimited quantities—the husbandman 
leonld not oom his brood by the aweat of his brow, in obedience 
[to the wise of the Nirst Qr eat Causa. It is not a mere 
aoeidaut that ■the mineralswtdetiaSIS'lbMf abundant in tho soil 
IB* the most abundant in phurta. 


In very light soils, particularly those derived from the dis¬ 
integration of limestones, the system of ■liUage without manure 
oould not be carried on for more than a few years, ■without 
reducing the yield 'to on extent that ryould bo altogether nn- 
remnnorative. On tho rich loams and stiff clays, which usuaJly 
aro very rioh in potodi and phosphorio acid, thorough cultiva¬ 
tion will, without ■tiro aid of manure, piodnoo average crops for 
perhaps more than a century. Tho maximum of productiveness 
is, however, attained when the land is both well tilled an^ 
abund^mtly maunred. 

The following figures show tho largo quantity of phosphorio 
acid contained in ■ibe soil, and tho small proportion of it whioh 
is annually removed by crops. The soil of a field weighs at 
least 100 tons per inch in depth. A g(x>d soil contains 0'2S per 
cent, of phosphoric acid, or 5 cwt. per inch in depth. A crop of 
wheat romovoB from 12 to IS lb. of phosphoric acid from each 
aero. If we assume tho latter quantity, thou an inch of soil would 
furnish suificient phosidtorio acid for 37 crops of wheat, and 
ten inohos of soil would supply this compound to 370 crops of 
wheat. Other crops, no doubt, take much more phosphorie aeid 
from tho laud ; but, on the other hand, tho fertilising rosourcus 
of tho super-soil admit of being largely replenished from tlio 
stores of phosphorio acid and potash burial in tho sub-soil. 

Tho chief objects accomplished by the operations of plough¬ 
ing, snbsoilbg, grubbing, harrowing, and digging, aro 'the! 
exposure of tho inner portions of tho soil to tho agencies of ^ 
light and air. Under these stimulants ■Uio inert orgaiuo matter i 
is converted into soiuble plant-food, and tho potash, phosphoric 
acid, and other fcrt'lisors arc abslaictod from their stony cases, 
and prepared for the use of the crop. This mochaniciti treat¬ 
ment is also moat beneficial in deepening tho soil, whereby the 
roots of the plants grown in it can penetrate to greater depths 
in sooroh of their food. Good cultivation also gets the land 
into fine liUh —that is, it rctluces its particles to a tolerably 
uniform condition—increases its porosity, which augments its 
capacity of absorbing ammonia and carbonic dioxide from tho 
air—and actually reduces a small portion of llto soil to tbo 
finely pnivorulont condition in whioh it proves most useful to 
vegetation. 

Tlio sub-soil is poorer in organic matter than tho super-soil, 
and it contains in general less potential or active phosphuios, 
potash, and other mineral food.s of plants. Nor iheso reasons 
it is not desirable to bring up to the surface too much of the 
sub-soil *, but it is useful ■to commingle annually a small quantity 
of tho Bub-soil with the surface one, so as 'to compensate for tho 
loss of ,the fertilising matters whicli arc oontiuuonsly removed 
from the latter. A wiii'tcr's action upon tbo crude sub-soil 
broi^bt close to the air will render some of its dormant for- . 
tilising constituents immediately available for the use of 
plants. 

It is most desirable tliat the moohanioal treatment of the;' 


soil shonld not bo deferred until spring. Autumn cultivation 
is now becoming the rule, and not, as was tho case formerly, I 
tho oxooption. Land intended for green fallow crops should be j 


ploughed very early in the winter, so as to render it more 
accoBsibio to atmosphorio influences. In the spring, grubbing j 
is preferable to oroas-ploughing, as it more thoroughly pul-: 
Toiisos tho soil. It is surprising how greatly tho yield off 
tnrnips and mangolds is affected by cultivation. If tho land boi 


not thoroughly prepared for those crops, no amount of manure 


ordimuily applied ■will produce a largo crop. As for tho 
cereals, wo liavo already shown that good cixipa may bo pro-. 


dneed without any manure, providing the tillage of tho soil is 
thoroughly performed. Indeed, the term manure is derivodi 
from the La^ words manus, the hand, and opera, work, or hand- 


labour; and ■therefore, oven aooording to etymology, manure 


and cuHivatiou are equivalents. 

Thorough drainage is one of the most important means of^ 
increasing the prodnotiveness of soils. Exoossivo moisture acts 
injuriously by keeping the land cold; the sun’s heat, instead of 
being nsefully expended in warming tho soil, is wasted in evapo¬ 
rating tho snpei^nons water eontained in it. 3,700 tons of 
water often fall upon an acre. In order to convert this liquid 
into steam or vapour, the heat derived from the combustion of 
550 tons wonld be required. In the cose of stiff, undrained 


days, the large qmuititir d superfinons water wMoh ammally 
descends upon them is chiefly got rid of fay evaporation—Sj 
pcooese eSeoted ^ xobbiag the soil of tiie nm^e fa»t, whUh is 
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I 80 indiapansably re^nisite for the maintenanoe of the vigonr of 
I -Qie ooltirated plants, 

* Heavy, tenaoiouB loams and clays aro rendered mote porous 
^ and fri^le by drainage; and after that operation their tillage 
j can be performed with loss difficulty and expense. Undrained 
f soils are oonverted by heavy rains either (in the case of clays) 
V into adhestvo pastes, or (in the ease of light lands) into pivij^s. 

■ On the contra^, a well-drained field will act under sueh oiroum- 
stanoes like a water-filter, through which the water readily 

i passes without ofFooting any imporfn,nt alteration in the eondi- 
"tion of the filtering maturiitls. Undrained stiff soils, when sub- 
jeoted to heavy rain, and then to strong heat, aaqniro a omat 
so] hard that it is difficult to penetrate it. Wo have often soon 
-seeds and potato-enttinga so firmly baked up in an undrained 
'tenacious clay, that their vital powers were quite destroyed. 

Unwelcome semi-aquatic plants often spring up in land which 
is badly drained, and they frequently succeed in ovoi-coming 
and displacing no inoonsidcrablo proportion of the plants under 
j cultivation. When a marshy field is drained, the useless semi- 
aqnatio plants spontaneously disappear. 

, The organic .matter in wot soils decomposes very slowly, 
'because of the exclusion of air. Wlicn by dnunago the soil is 
rondoted porous, the atmospheric oxygon ponoteatns to the 

■ organic matter, and eonvort.s it more oxptwlitionsly into water, 
carbonic dioxide, and ainmonitir—the substunoos that furnish to 
the vegetable the greater pi>rtion of its food. Every fanner 

■ knows that a wet field requires more manure than a drained one; 

'■in the former the manure i-emains mneh longer in an inert 
1 condition. • 

, The water drained off from soils con'tains fertilising matters, 

' more partionlarly compounds of nitric ‘acid and sodium salts. 
The important fortilisins subatancos, ammonia, potash, and 
i iffiosphoric anid, are retained by the soil with great tenacity; 
and, on the whole, the water which passes off from cultivated 
soils carries with it hut very small quantities of the food of 
plants. On the other hand, the soil is oniitinnonsly receiving 
ammonia and nitric acid from the atmosphere. 


TECHNICAL EDUCATION ON THE 
CONTTNENT.^VIII. 

BY EULIS A. DAVIOSON. 

TECHKICAI. EDUCATION APPLIED TO FEMALES. 
Whatbvbb has boon said of the unpractical obaroctor of the 
eduoatiem of our boys refers \rith oqnal force to our girls, whoso 
instruction In this country has until recently been of the most 
flimsy ohoiactoT, whilst in Oermany it has always been rocognisod 
as in every way of equal importance with that of males. 

It has been shown that technical odneation is that kind of 
instruction which shall fit the student for the busiiioss of lifo; 
and this applies to girls as well os boys. 

Is it not just as necessary that the one should bo educated for 
her position as the other ? Assuredly females of every grade 
havs sooner or later to take their share in the work of lifo; and 
'tiiersfore, whilst wo aro edneating onr boys, who ara to carry on 
the work of this great country in the coming period, it is our 
boundon duty to extend oqnal care to their sisters: otherwise, 
although wo shall render our future men more intelleotnal, and 
thus qualify them to elevate their positions, we shall bo laying 
up for -them a store of unhappiness, for as they become more 
e^ghtened, they will all the more require that those whom 
they may select as companions in life should be able to appre¬ 
ciate their aeqnircmonts and to sympalhisc with their labours. 

Technical education on the Cimtincnt, tlrm, is brought to 
boar upon females as well as males. And hero, no doubt, many 
in this country, where the neglect with whicl- fomalo education 
has been treated is a national disgrace, will ask, “ What can 
femalea^oam ? ’ ’ For bo it understood that, in order to account 
for their own selfishness and ignorance, it hfJB been a fashion 
amongst some to speak disparagingly of female intellect. 

It is not •within the scope of these papers to enter upon the 
d^cuBsion of this point, especially as most of our best teachers 
declare 'that 'their experience Bho^vs them that no difforcnco in 
the capability cS receiving instruction exists between pupils in 
schools of tither sex; whilst the desire to loam evinood by girls 
has always equalled, and often surpassed, that of boys. 

. That ^ action id the female brain takes a different direction 


to that of the male there con bo no doubt; and is not this a 
benofloont ordination of an Allwiso power who has assigpisd 
special duties and spheres of action to each? and thus it be¬ 
comes the province of practical education to qualify them (as 
for as instmetiou can qualify them) to fill ably (os religious 
education should fit them to fill worthily) the duties of their 
position, whether as wives, mistresses, mothers, teachers, nnrses, 
servants, or workers in any branch of industry. 

It has been wisely said, “ Man’s home is the world, woman’s 
world is her homo; ’ ’ but wo must add that proper—we may call 
it icchnvxd —education is required for tho offloiont disohUrgo of 
the relative duties of each; and further, that as many females 
are compelled liy circumstnnoos to mako the world their hems 
before they have a home in whioh to establish their world, as 
many have to enter tho field of industrial work, it is necessary 
to inquire how these may bo best fitted for tho sphere in which 
they aro to bo placed. 

Nor aro tho mere snbjoots which aro to bo taught to grirls 
tho only matters which are to bo considered. The reasoning 
and practical 'tono given to tho mind, tho general training, tho 
regularity of habits, and tho economy of daily life, are all most 
important in tho education of those who are to bo tho •wives of 
tho present, and mothers of the futnro generation; and if wo 
^wonld have tho influonce they will assarodly exert productive 
of good, wo must let their instraotion bo such as will fit them 
to fill tho important positions they are destined to occupy. 

It is on his mothor’s knee that tho child—“ eyes raised to 
heaven, and small hands folded fair”—is taught to raise his 
heart to “ Him who all things secs; ” it is whilst walking 'with 
her that ho learns to turn aside, lost he should injure the 
worm so marvellously made, and to watch the opening of tho 
budding leaf. It is of her ho asks, “ Mother, what is the sun F ” 
and to her he says, “ What is there beyond the skies P” And 
then she reads to him out of ibis fair book of Nature; and tho 
instruction she gives to him is wrapped in vone-ration for 'tliat 
great power, whose law, which governs all around ns, is seimee; 
and tho boy starts as a student with tho host of all incentives 
■to tho acquirement of knowledge—a love of inquiry. 

Thus, tlion, does 'woman lay tho foundation of all edneation, 
and is tho pioneer for all future ‘toachors; and, therefore, no 
system of primary or 'technical edneation can bo complete unless 
it is extended to females as well as to males. 

THE TBADE SCHOOliS AT STUTTOABD. 

The name by which these schools are known in Wnrtembnrg, 
" Fortbildungschnlon,” really implies their purpose bettor than 
any single word in our language: tiioy ore really scliools for 
fartluT education of persons who wish to continue their studies 
after they have loft school for business. 

For tho full development of tho purpose tho schools are 
divided into tho follo-whig departments :— 

1. Evening schools, for pupils engaged in business in tho day¬ 
time. 2. Sunday classos, for youth of both sexes, and adults. 
3. Day school, for girls and women. 4. Drawing and modelling 
school, open tboughont tlio whole day daring tho week. 

Pnpils on entering have their choice of atteding such classes 
as they may doom necessary for their ooonpation, provided their 
previous edneation has fitted them for taking only special sub¬ 
jects; but pupils under sixteen must submit to the guidance 
of tho tenohors as ■to the* branches which may bo deemed neces¬ 
sary for thorn. 

Pupils attending school, whatever their ago, must in every 
way conform to the regulations; it being considered that tho 
object of oduoation (so eloquently expressed by the Gorman 
word liildunij, whioh means to “shape,” or “form’) is not 
merely to give literary or sciontifie instniclion, hnt to form the 
habits and discipline the mind ; and thus these schwls fit 'the 
pupil for 'tho business of lifo in other ways than in intelleotual 
improvement. Breaches of discipline are, after repeated warn¬ 
ings, punished by dismissal. 

Pupils under sixteen years must present a written iuttoduo- 
tion from their parent, or other rospootablo person, who will be 
required to sign a document, undertaking to bo responsible for 
the proxior observance of the rules on tho port of tho pupil. 

The oonrso of instruction, on the evenings of the week, oom- 
prohends tho following subjects, and is carried on during tho 
winter months only, wtth tho exception of tho advanood drawing 
and modelling olassea, which aro oontinued throughout the year 
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Ifodonisg In elsjr and wax . 4 

Frao-hand, Flyura (trom 
oopiM and ooata), Laud- 
gcapea, nto. . . .0 

Fm-hond Drawing for Wood 
andCoppar-plateEngrarers 4 
Omunontal lowing . . G 

Oeomatzteat Diairing. . . S 

Trade Drawing (tor example) : 
DmwinglorCaipentezB.etc. G 
Drawing for Tnmere, 
Btonemaaonii, etc. . . G 

Drawing for Ziockimitbi, 
Bmeien, etc. . . 6 


Br*. awk. 

Mechanical and Arohitectoml 
Drawing .... 
Solid Oeometiy 4c Prctjection 
Writing .... 
MorcttutUo Coneei>ondenoo . 
Book-keeping 

Arithmetic .... 


Qeometi 7 > 
Hochanlee . 
Fbyeica 
ChemietiT . 
French— 
Elementary 
Adronoed 


G 

4 

li 

14 

l} 

3 

3 

3 

3 

3 

3 


Seforo pupils aro admitted to the modollmg class, they must 
have acquired a certain standard of power in amamental and 
figure drawing. 

The pupils who practise wood and copper-plate engraving find 
their own materialB and tools. The pupils in the geometrical 
drawing class are expected to have previously mastered tlio 
elements of prootioai geometry, the use of mathematiool instru¬ 
ments, etc., and must either ^vo attended, or must in the same 
term attend, the class for projection. 

In the “ trade drawing” department the pupils aro taught 
designing, and working out of the special drawing used in their 
branch id trade, to moke or work from drawings. In the pro¬ 
jection class the instruction enables the pupils to project 
elevaisons from plans or given data, to make sections, dovolop- 
menta, etc. This branch is, in foot, the basis of all meohanical, 
arohit^nral, and engineering drawing. In the olass for the 
study of mechanics, tlio entire theories upon which machines 
are constructed ore studied; and in the mechanical drawing class 
the designs aro drawn to a given scale, togotlier with details 
and worUng drawings. 

The instruction in arithmetic and geometry is adapted to 
praotioal putposes, and every opportnuity is taken to show titeir 
application in the other studies. The lessons in physics and 
chemistry, too, aro arranged with a view to their uso in trade. 


DAY aCHOOli FOB OIEUiS ABD WOMEN. 


Brt. p. n k. 

(a.) Geneia] Course— 

Aiithmetio . .2 

iinule Buies and Corre- 
spondenoe. . .2 

Book-keeping , . 2 

Writing . . .1 

(k.) Advono^ Course— 

English Dsttguago . 3 
French Language . . :> 

Qermon Language, etc. . 2 
Geography and History. 2 


Urap.wk. 

Nstoml History, Inolud. 
ing also the knowledge 
oi the food products 
used in a household, 
oud domestic cconouiy 2 
Fhysiulcsiry us applied to 
health and sanitary 
prlnoiplea . .11 

Drawing and Painting . 3 
Pattern Drawing and 
Deiiguing . . .3 


Besides the above-named, classes aro formed for otber sabjeota 
when a suffioiont number of names are entered to gooraatee the 
attendance. 

The teaching staff in the Stuttgard Fortbildung Schools ia 
composed of professors of the highest standing, amongst them 
being throe ladies. 

The following statistics will give some idea of the extent of 
the operations of this sohool:— 

Number of pupUs 

In the Evening School .... 328 with 20 tomhera. 


Sunday Evening Sohool . . 

481 „ 

23 

ft 

Commercial Evening School 

178 „ 

16 

ft 

Femnle Evening School 

130 „ 

10 

M 


1117 

08 

M 


TBADE BCBOOL AT tTLK. 

The Trade Sohool at TJlm, though based on the same sohemo 
as that of Stuttgard, has, like all the other sohools, its individual 
peouliaritioa; and, therefore, in pursoonoo of the objeotin view— 
vis., to show the systems of various technical schools—a brief 
notice of it is here given. Tlie classes begin in October, and 
close at the end of April; but those fur the study of the French 
and English languages ore continued throughout the year. 

The hours of attendanoe are, for the general studies, from 8 to 
0.30 in the evening; and for languages, from V to 8 o’clock in 
the morning during the winter mon^s, and from 6 to 7 in the 
summer. Besides fijiis, there ore art-classes open all day in the 
winter, to enablo working men who may not be fully employed 
at that season- -such ns carpenters, masons, slaters, etc.—to 
improve thomsolvos in tho studies couneoted with their reapoc- 
tive oueupations. 

Tho sohool consists of two departments—viz., the Commercial 
and tho Trade Schools. Pupils Laving paid tho fees for the 
commercial school are free to attend tho trade school, should 
the arrangements of the lessons permit, without further pay¬ 
ment; students in tho trade school arc admitted free to the 
German classes in the commercial sohool, and, on tho pay¬ 
ment of a very small extra fee, to the English and Frenoh 
classes. Below is given tho time table in the Trade Sohool at 
Ulm. 

Tho number of students attending the school at Ulm averages 
730, under the care of 22 teachers. This teaching staff is 
perlups tho smallest of any in the groat group of schools— 
giving an average of rather more than 33 pupils to each teacher; 
whilst it will bo seen that, in tho Stuttgard school, 1,117 pupils 
aro taught by G9 teachers, or rather less tha-n 17 to each. 
Seventeen pupils to each teacher seems to be about the average 
throughout this class of schools in Wurtomburg. 


TIME-TABLE IN THE TBADE SCHOOL AT ULM. 




Mohdat. 

TxiSeDAT. 

Wkdkksdat. 

TBUnSUAT. 

FniDAT. 

SATintDAT. 


DtuwlUff. 
Eveuing 
from 8 to 10. 

Free-hand 
Drawing and 
ModoUing, 

Linear Drawing. 
Free-luiud 
Drawing and 
Modelling. 

Frco-lmnd 
Drawing and 
Modelling. 

Linear Drawing. 
Free-hand 
Drawing and 
Modelling. 

Free-hand 
Drawing and 
Modelling. 

Linear Drawing. 
Free-hand 
Drawing and 
Hodslling. 

1 

Elementary 
Couno, 8 to 8.30 
Evening. 

Trade 

Arithmetic. 
(Course A.) 

Trade 
Arithmetic. 
(Couree A.) 

• 

Business Compo¬ 
sition and Cor¬ 
respondence. 
Geometrical 
Drawing. 

Trade 

Arithmetic. 

(CouncB.) 

Geometry. 

Trade 

Arithmetic. 

Buiiness 
Composition tc 
Oorregpandence. 
Geesnetry, 

1 

Advanced 
Course, 8 to 9.30 
Evi^g. 

Chemistry. 

DesoTiptlve 

Geometry. 

Uusiuesa 

Correspondence. 

Physics. 
Trade Book¬ 
keeping. 

Chemistry. 

Descriptivo 

Geometry. 

Physloa 


7 to 8 Uanlag. 

Englleh (A). 
Fieueh (B). 

English (B). 
French (A). 

EngUsh (A). 
French (B). 

English (B). 
Fxmmh (A). 

English (A). 
French (B). 

English (B). 
Frenoh (A). 

1 

8 to 8.30 
Evening. 

Euglieh and 
French 

Conespondenco. 

Cmumereial 

ArithuwUa 

General Office 
Instruction. 

Commercial 

Arithmetic. 

Exchanges. 

Commsroial 

Arlthsostio. 

Office 

'Instruction. 

German 

Literature. 

Commereiid 

Aiithmetie. 
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applied mechanics.—V. 

BT BOBBBT BTAWBLB BALI., K.A., 

Proftnor c('AitpUed MathwiwtleB, Bc^al CoUege ot Sdenos, DvUiB. 

HYDBAUI.IO HACHINEBT. 

Thx maoliines irhiafa may 1)6 oloased imdBr thia heading oontain 
some of the most beautiful examplea of modern engineering 
skill. Water baa been applied irith the greatest anooeaa as a 
moans of transmitting power for a great variety of objects. 
For this pnrpose its remarkable property of inconq>reesibility 
is peculiarly adapted. We do not mean to say that water is 
absolutely incompressible; but it may practically be so con¬ 
sidered, for the amount of com¬ 
pression it undergoes is exceed¬ 
ingly small. 

The principle and oonstmction 
of the hydraulic press has been 
already fully e]cplained in the 
pages of the PopoiiAR Educator 
(see “ Hydrestatios ’ ’—I.,Vol. II., 
page 366). To this account we 
therefore refer the reader for a 
full description of this powerful 
machine. Wo shall mention one 
or two important applications of 
the hydraulic press, and we shall 
then consider some other ma¬ 
chines which are worked by water 
at high pres|aro. 

The first example wo shall take 
is the applioatiou of the hydraulic 
press to the manufacture of 
leaden tubing. The quantity of 
lead annually consumed in making 
gas-pipos and water-inpes is enor- 
mons, so the aid of machinery 
has Iwon called in whenever pos- | 
sible. The process is one of great 
interest. Tlie tubes are forced by pressure out of solid lead, 
which is warmed up to a cortaiu temperature, though still far 
from being melted. 

The apparatus by which this is done is shown in Pig. 1. P q 
is the hydraulic press. This consists of a very massive iron 
cylinder, into which the piston, n c, fits, a is the pipe by 
whioh the water is forced into the space above the piston. The 
pumps which inject the water are not shown in the figure; they 
are worked by a steam-engine. The piston is thus pushed 
downwards with enormous force. The plunger is narrowed at 
the end, and turned so os to fit tightly into a very powerful 
iron oylinder, a H. It is in the space D,.in the hollow of this 
cylinder, that the lead is placed from which the pipes are to be 
made. This oylinder is filled by pouring in molten lead, whioh 
is then allowed to solidify. Bound thia cylinder is a second 
cylinder, K L, containing a fire for the purpose of keeping the 
lead at the temperature required. This lower cylinder, contain¬ 
ing the load, is eonnectod with the upper oylinder, p q, by 
moans of very powerful framework, so that when the pressure 
is exerted the piston must be forced down into D. 

The most essential feature of the apparatus is shown at E, 
At o is a hole in the bottom of the oylinder, whioh is carefully 
turned, and is exactly the external size of the pipe required. A 
small oroh is shown at B ; from the top dt this a mandril 
descends down through the hole. This mandril is exactly the 
internal diameter of &o pipe, so that when the lead is forced 
between the mandril and tiie oylindrical hole, it is formed into 
the required dimensions. Under the enormous force with whioh 
the lead is compressed it becomes as yielding as putty is to an 
ordinary pressure. It appears very surprisirtg at firrt to find 
that the lead is forced around the sides of the aroh at e, and 
yrt tiiat the pii>e is perfect and bears no traces whatever of the 
division whidt it must have undergone. In the earlier stages 
of the manufacture it was not believed that the lead would 
be snffie^tly plastic, and consequently the mandril was fixed 
directly into the plunger, o, so as to avoid the difficulty of tho 
arch. It is, however, found that eqnaUy good tabes con be 
made when the mandril is supported by the arch, and so thia 
more convenient arrangement is adopted. It is very remark¬ 
able to see the lead pipe rapidly flowing from the bottom of the 


cylinder. It is thtui made in lengths, each of whioh oontoina 
one charge of the voeael, a B, oalled the centatnsr. Bltering 

the size of the hole and of the mandril different sizes of-pipes 
can be produced. 

Hydi^lio pressure is especially convenient tor the pnrpose 
transmitting power. Water can be conveyed through pipes 
any distance, and if force be employed in compressing the wat 
into a pipe at one end, the water will exert force to get out. 
the other end. Hence we may consider that the water is jo.,, 
the moans of transmitting tho power from one end of the pipe*^ 
to the other. For this pnrpose water is more convenient thu 
steam, for though tho steam could be conveyed throngh pipes, 
yet special means must bo employed to keep the steam hot 
enough to prevent its condensation. Air is sometimes used for 
the purpose of transmitting power when from any oanse the nee 
of water is inoonvonient. 

As on example of this application of hydraulic power, wo 
shall describe the machineiy which is erected at Watwloo 
Dock, Liverpool, and at various other places thronghont the 
country. The machinery at tho place mentioned is on a vmy 
large scale, and has a great number of functions to fnlfil: the 
dook-gates have to be closed ond opened, the vessels have to 
bo nnloadod, tho corn has to be raised and oarried about to 
different parts of the immense granaries, which arc capable of 
containmg many thousands of tons. These diflierent duties 
demand special machines in different parts where tho work is 
required to be done. To accomplish this it would bo very un¬ 
economical of power, and otherwise inoonvenient, to have a 
special engine for each machine. Most of these machines are 
only worked occasionally : for example, to open the dook-gates 
an engine of very oonsiderablo power would be required, but the 
gates only require to bo opened now and then, and it would be 
very undesimblo to have to maintain a fire ail day for tho 
purpose of opening the gates a few times during the twenty- 
four hours. 

Similarly, tbo other maobinos ore only worked intonnittentl^, 
and out of all the machines that ore employed, perhaps moio 
than a quarter are never simultaneously in action. The case, 
therefore, is this; on engine, one-fonrth of the power which 
would bo necessary to turn all tho maohiucs together, will yet 
be suifioiout for ordinary purposes, provided wo have convenient 
moans of applying its power whorovor it may bo wanted. Some 
of tho machines require a great deal of power, others not so 
much, and therefore wo also require to save np the pow'er of tho 
engine when working the small machines in order to have 
enough when a greater exertion is 
demanded. Water affords a most 
oonvenient moans of obtaining theso 
objects. An engine of sufficient power 
supplies tho energy; this energy is 
stored np by the engine in what is 
GoUed BJ! aeciimulatar, and from tho 
oconmnlator it is distributed by means 
of water-prossure to the different 
maohines that require it. 

The accumulator is shown in Fig. 2. 
w is on immense weight of about 
ninety tons. Thoro are guides intro¬ 
duced in order to restrain its motion 
to sliding up and dowil vertically, 
and prevent it from falling to one 
side. These guides are not shown in 
tho figure. At the bottom of this 
weight is a plunger, P, whioh works 
tightly into a cylinder, a b. This 
cylinder is kept filled with water by tho 
pipe o; tbo water is pnmi)od into it by 
very powerful force-pumps, to work which the whole power of 
the engine is employed ; forcing water through the pipe c into 
tho cylinder is, in fact, the duty of tho engine. Lot ns suppose 
a cook on tho pipe D is turned off, then the water, when forced 
into tho oylinder, must raise w. It is prevented from poshing 
p entirely out of the cylinder by a self-acting oontrivonoe. 
When the weight w ascends to a certain point it acts on a 
lever whioh closes the valve supplying steam to the engine, and 
therefore stops th&entry of water at c. Henoe the engine will 
bo constantly strinng to keep the cylinder full. 

The pipe d commnnicates with all the machines tiuranghout 
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the dookg which axo to be worked by the j^reasuro of the water. 
Ihe water ie at aa onormouB proasuro in the cylinder. We can 
easily calculate its amomit when we know the diameter of the 
cylinder and the weight of w. 

Let na suppose that the diamotcr of the cylinder is 10", and 
that the load w is 90 tons. The area of a circle is 

^ X jiadius}’. 

From this it will be seen at once that the area of the end of the 
plunffOt is JB + 7 X 25 - '78-5. 

Hence wo have a prcaauro of 90 tons upon a snrfaco 
of 78‘5 square inches, and therefore the pressure on 
ehch squaro inch is 

99 -r 78-5 = 115 tons. 

This enormous pressure is doubtless to some extent 
lost by friction through tho ramilictaiuons of pipi's by 
which tho water ia distributed; but wo may probably 
assume that in gonoral the pressure must bo nearly a 
ton on the square inch. At this enormous pressure a 
Tory little water does a very groat quantity of work. 

Let us CKtlonlate how much work is done for every 
pint of water that leaves tlie cylinder. A pint of 
water contains 35 cubic inches; hence, sinco the 
area of the plunger ia 78'5 inohos, tho weight moat 
descend g 5 ^ moiies, 

in order to expol a pint of water along tho tube ». 

Now, how many rrnita of work has the cylinder 

exerted ? This is to bo found by multiplying its weight in 

pounds by tho distsuico through which it dcaconds in feet. 

0 45 + 13 =-. 0'(W75 
is the diaianco in foot, and 

3SW X 00 = 201000 

is tho weight in pounds, henoo tho iiumbor of units of work is 
201600 X 0'0375 = 7500 j 

that is, it would raise 7,560 pounds through one foot, or one 
ton through 7B(iO .i- 2210 = 3'1 nearly. 

Henoo, by tho consumption of one pint of water a ton weight 
can bo raised in any part of tho building tlirongh a distance of 
moro than a yard. 

Tho mode of working tho machiiio will bo easily understood. 
Tho weight is constantly rising or fallhig, rising when no 
large maohines ore drawing oif tho water 
through D, and falling when tho maohines 
axe using the water faster than tho engino 
is sending it in. Thus, when little water 
is nsed it is stored up until there ia a 
greater demand for it. 

The machines which arc worked by tho 
power of tho water are of different kinds. 

We shall say a few words about tho oon- 
straotion of the most important of thorn. 

The oom is taken ont of tho vessels by tho 
nee of moehinery. An arm projects from 
the warehouse, which supports an apparatus 
by means of which little buckets I'pon a 
band descend into tho hold and roturu filled 
with oom. This corn, when thp buckets 
reach tho top of the arm, is dischaxgod into 
a shoot,that cartira it into the store, and 
the empty buckets descend for another load. 

By this opntrivanoo a vossel is uoloBdcd with great expedition. 
This moobine Is worked by the pressure of tho water. 

Tho oom is also hoisted from the bottom eff tho warohoose t 9 
the top by means of an hydrauho hoist. This is a very remark¬ 
able moeldnc, and a description of it ia the more necessary, os it 
has come into very oxtonsiTe use. 

The principle the hydraulic hoist may be understood by 
Fig. 3. This diagram shows the essenti^ priuciplo of the 
mabhino, leduoed to as simple a form as possible for the 
purpose of explanation. In consists essentially of an hydianlio 
. press, end two puQey-blooks, one of whi ch k attaohed to the 
egriinder, and the other to the {danger. Tib oom is raised in 
l^s of about a ton, from the bottom of the store up to the 



top, through, perhaps, a height of 60 feet or moro. It is, there¬ 
fore, necessary to pull iu the ohain which is attaohed to the 
lift through a length of 60 feet. 

If we have a pair of four-sheare pulley blooks, and are 
raising weights in the ordinary way, it ia evident from the 
suoount wo have already giren in Inason II., that 8 feet of 
chain must be pulled ont for every 1 foot that ^e load is 
raised. Now, if tho puUey-blook be so well oonstmotod at the 
axles of tho sheaves that there is os little friotion as possible, 
tho weight will overhaul; that is, when lifting a weight, if we 
release the Itfting chain the weight will descend. 
It follows, then, that for every foot the weight 
desoends 6 foot of ohain will be polled in between 
the blocks. For this to ooour we must have, as 
already explained, less than half the total force lost 
by friotion. Su})poaing, now, there were a weight 
of 8 cwt. being raised, a foroe of 1 owt. would be 
necessary to lift it without friction, and about 2, or 
a little loss, with friotion; but suppose the weight 
ii> descend, what strain can it produce on the lifting 
chain ? It would prodnoo a strain of 1 cwt. in a 
friutionlesa block, but owing to friotion the ootual 
strain is less tluui this. Lot us suppose it to bo ^ 
cwt., then the weight of 8 owt. descending will raise 
i cwt. 8 feet for every foot it desconds. Hence 
wo leum that, if tho blocks of a pair arc forced 
iismuler by a great {irossuro, tho ohain will be drawn 
in tlirough a distance 8 thuos as great as the 
distance through which the blooks are forced apart, 
and a strain will be exerted upon tho ohain thus 
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drawn in, which wo may tako as about une-sixteanth of tike 
force pushing tho blooks asunder. 

Lot us now apx>ly thoso considerations to Fig. 3. Tho two 
blocks aro shown at n and £; but tho chain is not introduced, 
for tho purpose of keeping the figure clear. Tho block e is 
firmly attached to the cyUudcr, and tho lower block is forced 
away from it by admittmg water at high pru.ssaro through the 
pipe A. Thu chain is attached to the upper block at O, it then 
passes down under the xvulley 1, over 2, uitder 3, over 4, under 
5, over 0, under 7, and over 8; to tho froo end hanging over 8 
tho lift is attaohed. Now, supposing tho blocks bo forced 
nsuudor with a pro.ssaro of about 16 tons, it is evidout that tho 
free end of the chain will be drawn in with a force of one ton, 
and will, tliurcforo, bo able to roiso a loud of 1 ton. If the 
stroke of tho plmigur bo 8 feet, the lift will bo raised 8 X 8 
64 feet. As the pressure on the water ia very groat, the 
cylinder need not bo very largo in order to 
liroduoo suffioient pressuro. 

There ia considerable loss of power by 
friction iu this arraugoment; but its com¬ 
pactness and convenience quite outbahuioea 
this slight disadvantage. The hydraulio 
hoist has but few parts, it cannot easUy go- 
out of repair, and it con be (y)plied wherever 
a pipe can bo laid to carry water to it. 

After tho load has boon raised the watm; 
has done its work, and a valve is opened to- 
permit its escape, Thu weight of the lift 
then pulls tho chain, this raises the plunger 
and expels tho Water, and the apparatus is 
ready for another load. 

The oom, when raised by the lift, is 
poured into a hopper, from which it desoends 
to a weighing machine, whioh weighs it in 
loads of nearly a ton at a time. It is then 
carried by machinery to that part of tho store in which it is to 
remain. Tho machinery by whioh ibis distribution is effeoted is 
very interesting. 

A largo band, about 18" wide, runs along tho top floor of the 
building. Thjs band is si^ported by rollers, and is worked by 
a small water-prosanre engine. 

A view of a water-pressure engino, suitable for andh a 
purpose, is shown in Fig. 4. There ore two small oylindera 
resembling steam oylindors, and the water ia admitted fo, the 
sides of &o pistm alternately, just os the steam works iha 
piston in the steam oylinder. These cylinders oaofllatei and 
the rod of each is oonneoted with a crank on fiie horiapntal 
shaft. The cylinders seed only bo of small diineoiioD% lor tiw 
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ptMinise at Hha water vastly exceeds any steam-pressure wUcli 
oonid be used. 

The maobine shown in Fig. 4 has been oonstmoted by Mossrs. 
'Bamsbottom of Leeds. We cannot do better than give the 
aocount of its use in the maker’s own words 

“ 33ie groat requisite in water machinery is to maintain a 
constant and equal ontdow to avoid oonoussion, for when the 
momentum of water has been generated in a given direction, 
and its motion is suddenly intercepted by a barrier in the form 
of a stop-tap, or imperfect valvular action, the result is nut 
only destraotive to the machine, but represents a oonsidcrable 
expenditure of meohamoal offeot. For water-engines are nearly 
always double acting, and in such oases the valvular action is 
duplicate, and,we have mode it a matter of the greatest import¬ 
ance in valvular construction to open and cluso the supply and 
exit ports slowly, and in such manner that the feed-way leading 
to ono piston shall be in full odoct when the other is absolotoly 
closed at the termination of its stroke, and thus one set of feed 
and exit waysaro dying gradually away to torminatiou of stroke 
as the other set are opening towards full effect on retnni-stroko 
•of its piston; and thus a velvular.aotion is obtained, which not 
only avoids concussion but tho loss of effect by avoiding the 
oounloroction of prouaoro and nutimely Bi;q)ply. ' We have 
several hundreds of waiur-ouginos employed fur various kinds 
of work, with valvular action, as above described, and thcir< 
efficiency, compactness, and convonionoo dearly show how much 
tho advantages of hydraulic power arc undor-ostimatod in many 
Of our largest towns and cities, whore numerous mechanical 
operations might* bo bettor performed by this than any other 
kind of power wiiatevor. A constant* supiily and odoqnato 
pressure in London would bo of iramonso value, for unlike 
steam this power is unitber dangerous nor offensive, but is oon- 
tributivo to health and cleanliness; and os in many coses the 
water iioasoa directly in a pure state from the engines to the 
sewers, it forms a valuable flushing agent after use. Most 
macliiuory of a domestic character could bo driven by ^mter 
power, thus avoiding much personal attention; and tho folding, 
pressing, and raising of goods of various kinds, os well os tho 
working of hoists, tho grinding of coffoo or drugs, the driving 
of book-printing machines, and other nses too numerous to 
mention, attest tho importonuo of soliciting inoruusod public 
attention to this most natural of all tho sources of motive 
power.'’ 

On tho shaft, which is tamed round by a wator-powur engine, 
a largo pulley is fastened. This pulley is enveloped by tho band 
whioh runs on the rollers, and when it revolves it gives the 
baud motion. 

After leaving tho weighing machine tho com passes into a 
neoond hopper, from an opening in whioh it is ponrod out npon 
tho rapidly-moving band, and is oorriod along by the band at a 
prodigious rate. Abeut 50 tons of com can be carried on one 
^’these bands in an hour. By an ingenions anangoment the 
com con be thrown from one band npon another at right angles, 
and can thus be mode to tom round a oomer. -By moans of 
shoots it oau be doUverod into any oomer of the building. 

There are many other apij^eations of water-pressure hardly 
less interesting than those wo have been oonsidoring; but oar 
spaco will not admit any farther disonssiou of them. 
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FLESHY FBTJiTs (continued). 

Tra Lxuqn (CitriU Umonum, L.).—This plant is a native of 
mountains. It apjHiors to have boon brought to 
Europe about the time of tho Crusadoa. The lemon is now 
cultivated in all warm olimataa. The prinoipal supplies to our 
markets are roodvod from Italy, Spain, Portugal, Trieste, and 
South Ifyrol. Tho juice ond rind are both officinal. Lomou- 
ynico is peealinrly gratefnl and oeoling, and is umoh nsod in tljo 
B>r®ps*ation of oflorvoscing draughts, and as a beverage in febrile 
^mplainte. The juioo owes its soumeaa to the presence of a 
fpeouliar add, ctdled titric, whioh is easily separated by ohetniool 
I means. It is ono of %ke‘most powerful uti-seerbutio mediohies 
t known. That dreadful disoose, tho smirvy, hai hardly been 
known in oqr navy dnoe limes and lemons were ordered by law 
: Ao be eatxted by all vessela sailing to fordgn parte. 


There oro sovoral other spedcs of Citrus -whioh ore largely 
imported; as, for instonoe, the Citna limeita., or lime, whi^ is 
about one-tliird tho sizo of a ootomou lenion,' and which is ex¬ 
ported in the green state, in order to preserve the deUghtful 
aroma of its rind. The preserved lime comes to us in small 
kegs of about 7 lb. weight. The Citrus Berijarniw, or bergamot, 
bears a fruit clusdy resembling' tho lemon. As a preserve it 
is used os a substitute for dtron, but its ohief value lies in 
tho oil obtained from it—the well-known bergamot so maoh 1 
used in porfumory. * 

Grapes (Fitis vini/era, L.).—Tho fruit of this vino not onfy 
furiiishos us with a variety of wines, but is itself imported into 
this country both in tho fresh ond the dried state. Wo reodve 
comparatively few grapes in a fresh state ; about SOO tons 
arrive every autumn from Sicily, Lisbon, and Hamburg. They 
suffer in tbuir flavour from being olosoly packed, and still mare 
from tho use of sawdust as a packing material. Baisins, or 
dried grapes, are for more abundantly imported. Those are 
prepared sometimes by entting tho stalks of the bunches half 
through, and loaviiig them suspended to the vine until snf- 
fioioiitly dry, which in this state they rapidly become, without 
losing any of their fine flavour or bloom; tho usual mode is to 
expose the grapes to tho sun and air for a while, then lay them' 
ont in rooms, and sprinkle them with water in whioh soda or 
potash has boon dissolved. This canseH the sugar of the grapo 
to candy, fonning those little sweet lumps so well known in the 
common raisin. Tho differences amongst tho roisiBS oio caused 
cntirnly by difforeuoo in their mode of culture or curing. Thus 
we luceivo stonoluss sultana raisins from Smyrna,-in ’I'nTkey^ 
lino mnsc.itolB, nr sun-dried raisins, in bnnehes with the stalks 
still attauliod, from Malaga; Bamasens raisins, much larger than 
the sultanas, stouoloss also, and preferrod to the Smyrna roisinB, 
from Bamasotts ; and lastly, tho ordinary raisins from Valoubia, 
and from tho same countrios and ports where tho grape is 
cultivated. 

Cunants are only the raisins of a small grape, also deficient 
in seeds or stones, growing in huge bunches, often as mneh as 
eighteen inohes lung, and of proportionate breadth. They ace 
trod into largo oosks, and exported. Enormons quantities axe 
cultivated in the Grooian islands, principally in Corfu, Zante, 
and Ithaca. Originally, Corinth was tho principal place where 
they wore raised, whence the name “ Coriaths,” from which the 
won! “omranls” has boon derived. In 1867, 1,603,366 owt. 
of this mneb-estoemod fruit were imported into tho United 
Kingdom, and about 302,323 owt. of the other and larger 
viiriotios of raisins. 

Fio (Pints cai-ica, L.; natural order, Vi-Hcaee<r). —This is a 
valuable and extensive genus of tropical and snb-tzopioal 
plants, some of tho spooios attaining on enormous size, as the 
Picus Indica, or celebrated banyan tree. I’lio fig tree, originally 
a native of Asia, now flourishes in Southern Europe, on all the 
islands in tho Mediterranean, and cspocially in Asia Minot, 
Northern Africa, and the Canary Islands. 

The flg, oonsiderod botanioally, is a very remarkable form of 
fruit, being just the roverso of that of tho strawberry, in whioh 
the minute pistils are seattered over the exterior of the enlarged 
enoeulont roceptaolo; whereas in the fig tho infloroseonoo or • 
position of the flowers is ooncoalod within tlio body of the fruit., 
Tliore is sometimes a failure in the flg crop, when it is not 
properly attended to, in consequence of the pistils of the florets 
not becoming duly fwtilised by tho pollen of tho stamens. It is 
fffipposod that this operation is caused naturally by tlio entry of 
insects through tho very small orifloo whiok remains open in tho 
flowering fig ; the Ag-growers therefore adopt au artificial meaoa. 
of ensuring fertilisation—a small f(»itbcr is inserted aud turned , 
round in the iutomal cavity. This operation is coUed “oar 
prifloation.” 

Figs are sent to us in largo quantities from 'i'nrkoy and Oceoae 
-—those from Turkey being tho bo.st. Tho fig, after having 
boon gathered from tho trees and dried in the sun, is usuallv 
packed in square or circular boxes, tho latter being called 
“ drums.” A few bay leaves are put upon the top of each box, to ‘ 
keep tho fruit from being injured by a grub, which feeds on it 
and is very dostruotivo. The Maltose figs ore very good, but 
those which cemu from Smyrna, called “Elome,” or “ Elemi,” 
are < he best. 

Tire flg is nutritious, laxative, and domulteat, aoti&g geuily in i 
eases of habitual constipation. Boaated and split it ia aome< 
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Hmm Implied to Btun>bol]fl and othec oironmtoribdd matoratincr quantity ananally imported into Ihigland is &om toi to tvelTe 

tomonrs. It wm used fay HezeldaA-US a remedy for faeils. %400 tons. 

__ \ 'k P/w«u:iw.AiffA«ria /Pumas*/*. /M»/uiM.^iAn Ti. * na.4n«««l nitAam 


ytarsago. (SMlaaiali xxxm.'21.) ' i^OKZOUKATl (Puniea pronaiwn, L.; natoral order, 

ThS ^’nna.i import of into the United Kingdom is upwards llyrtaetai).—A small erergreen shrub, resembling a myrtli^ with 

(tf 700 tons. numerous slender spinose branches; leares opposite, entire, 

(J'nuuM domttHea, Tsriety, JvliamtL ; natural order, lanoeolate, bright green, and sessile; flowers large, terminal, and 
K«iSMiri):^I>ri^ pinma, under the »»■■»"«» of prunes and French rich crimson in oolour. The fruit is about the sise of a large 
fltima, form an important article of oommeroe. The prune is poppy head, and similarly shaped; its rind hard, leathery, and 


the Julian Taziety of 
the omnmon plum 
dried in the sun; the 
prunes are then 
thrown together and : 
preeeed into barrels. 

We reeeive them in 
Jaqge quantities from 
XVimoe. The imports 
in 1860 amount^ to 
nesrly 300 tons. 

Prunvt domefUca, 

'variety CatheWnea, is 
the iWoh plum or 
table prune. These 
are more oarefully 
prepared for market. 

Th^ generally come 
over m 'very elegant 
bozee called eartona, 
into which they are 
neatly packed one by 
one. Lx 1851 about 
00 tone were im¬ 
ported. 

Thu Paim 

(Phemis da^tylifari, 

L.).—^Tbia palm has 
hem known and 
prized from the ear¬ 
liest antiquity: it is 
frequently referred to 
in the Bible. The 
fruit is very nourish- 
iug and wholesome, 

01 ^ grows in bnnohee 
weighing from twenty 
to twmty-fire pounds. 

' Every part of this tree 
is useful. Its hard 
wood is omplcyod f<m 
building; its leaves 
are made by the 
natives into mats, 

. baakets, and drinking 
bowle of groat nea-t- 
aess; its seeds are 
ground to make oil; 
and its fermented eap 
foiau an excellent 
wine. 

In Oorstoa, ' Sar¬ 
dinia, and in Southern 
Qieeoe the date polm 
ia planted only aa an 
ornamental tree, as its ths ns' 

finiit does not mature 

in these parts, or ripens only imperfectly. In the very 'warmest 
districts of Spain, around Ysdencia, the fruit oomes to perfeo- 
tioo, and is exported. Hie date palm ia indigenous to Arabia 
and Northern Afrioa, where it ia very abundant. In those 
oountriaa plantations oi these trees are sold as estates, and are 
often tlm wedding portion ei the bride. In aome parts of Arabia 
this palm sometimes forma ahnost impenetrable forests when 
riegleoted by the Arab of tiwdeamrt, who usually oonsideis every 
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The prune ia poppy head, and similarly shaped; its rind hard, leathery, and 

beantif^y ooloured; 
when ripe, golden- 
yellow, wi& a nM^ 
tinge. When the rind 
is brokm, the interiew 
of the font is found 
to be filled with 
numerous seeds, each 
enveloped m a rose- 
oolour^ pulp, paoked 
together in two rows, 
with i>artitions of pith 
between them, and 
olosely resembling red 
onrrants. 

There is scarcely a: 
part of the pome¬ 
granate 'that is not 
either useful or agree¬ 
able. The pulp of the 
fruit ia refreshing to 
persons suffering from 
fever. The seeds and 
flowers dried form a 
valuable medicine,and 
are used in dyeing, 
and 'the rind is em¬ 
ployed in tanning and 
preparing the finer 
Kinds of leather, as 
the morocco, so much 
used for bookbinding. 

The pomegranate is 
a native of Northern 
Africa, £^rria, and 
Persia, but it is now 
natmnlised in the 
warmer ports of Eu¬ 
rope, the West Indies, 
and the Southern 
States of the Amerioan 
Union. It was known 
to the ancients, is 
mentioned by Homer, 
and alao frequently 
referred to in the 
Bible. We receive 
annually a emiaider- 
able number of ohests 
of pomegranatee from 
Portugal, and aome- 
times from Barbary. 
This tree ia frequently 
cultivated aa much 
for the beauty of its 
THS naTB FALK. flowots and foliage aa 

for its fruit. 

verv warmest Takabutp (Ttmarindtu Indica, L. natural order, Isgw. 
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TAKABZirp (Temarindua Indiea, L natural order, Isgu- 
wMom ).—^This is a large tree, with spxeadmg btanohea, and 
abrupt^ pinnate leavea, the l»|gS8, oloaing in tiia evening or 
in cold, moist weather, like those or ibe sensitive plant, 
flowers aro in rimple racemes, tiie petals yellowish, variegatsd 
with red veins; them are suooeeded by aa oblong, oomprsssid, 
one-odled, brittle, brown pod, from three to four inohee In 
length, which encloses from six to twrive browtt, flattened. 
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fWgit it loond iu * tq^tu^ nw a tliiu present- held'together by m number of thick rpoitlike flbra iraich pent- 

llilf io. the &izt^ trft 7 ^ 1 er« Income eigxmipWl^h ateores hm trete it in all direotione. 

><11 «or ceb««faaMntr end oC lrieiidl|' thldefar tepote* The tamtrind it eomtnon in the East Indiesp vfiereititiiid^ 
; 'Bft Taa#:^lSane£liet. The gepoii%,t»d grow* in fieftt perfeetioa. H^it now istrodoeea 
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■Ad estesaiT^ ooltiTated in tha West Indiei and in South 
Anarioa; but the fruit there ia not equal to the ISaet Indian, 
Ju^riag smah leas aaooharine matter in the pnlp. The tamarinda 
from the Saat Indna aire darker, have a latter and aweeter pulp, 
and oan be preserved without auirar; those from the West Indies 
require angar, and are aent over preserved in a thick aaooharine 
qjrmp. 

tenarind poda are gathered when ripe, a faot known by 
their brittleneea; the fruit ia removed from tho pod, placed in 
lasers in a oaak; boiling e^p is poored in; and when the cask 
ia filled, and its contents have cooled, it ia headed down for 
asportation. 

In tropical oonntries the tamarind ia mnoh esteemed for its 
cooling qnalitiea; its taste is acid and agrreeable, and it oesuages 
thirst. Tamarinds are principally em^oyed in this country to 
form cooling medicinal d^ks. Largo quantitioa arrive annxjally 
&om the East and West Indies. 

Banijia (Miuatapimtum, Toumef.; natural order, Mtuacea). 
—Tliifnmy be oall^ a stemless plant, for ita gigantic leaves, 
with their long petioles, are sheathing and imbricated at thdr 
base, and form, by their union, a spurious trunk, often many 
feet in height. Ihe leaves are from four to aiz feet in length, 
rounded at each end, and about eighteen inehos in breadth 
throughout their whole extent; they have a strong mid-rib, 
parallel, lateral veins, and are of a bmutiful emerald-green 
colonr. The flowers are spathaceous, and produce largo oluatera 
of snoonlent indehiacent fruits, each fniit being an inch in dia¬ 
meter and about six inches in length. T^en ripe, the banana 
acquires a rich golden-yellow colour; the outer envelope or exte¬ 
rior of the fruit is easily removed; the inner portion consisting 
of a rich cream-coloured pulp, containing a eonaideiable quantity 
of sugar and starch. 

The banana forms an important article of food in the tropics. 
Some idea of ita fruitfulness may bo gathered from tho statement 
of Humboldt, that tho same space of ground which will grow 
thirty pounds of wheat, or ninety-zune pounds of potatoes, will 
afford 4,000 pounds of bananas. Those intended for exportation 
■re generally gathered green and unripe, but soon acquire, on 
being kept, that golden tint which marks maturity. Several 
other epeoiee of Musa produce similar fruits. Unsaparadisiaca 
yields the plantain, a fruit bearing a close rosomblance to the 
banana, and equally nutritious. 

PiNX-A pple (Awmatta tativa, Lindl.; natural’' order, 
BromeUaeeaa), —This ia a stemless plant with rigid, re-ourvod, 

' channelled, and spinose leaves. The froit is called in botany a 
sorosts, and consists of a union of the ovaries, floral envelopes, 
and the eacaulent axis of tho infloresoenoe, which become pulpy 
and confluent with eaofl other. Tho frnit is so acid in the wild 
state, tiutt when eaten it removes the skin from the lips and 
gnms; onltivated, it becomes sweet and agreeable to the palate, 
and riohly aromatic. 

Originally indigenons to the Bahama and Bermuda Islands, 
the pine-apple, owing to its valne as a fruit, and ita capability 
of becoming natnialiscd, is now onltivated, not only in tbe East 
Indies and Africa, but in all parts of tbe world where it oan be 
grown either by natural or artificial means. Owing to the in¬ 
troduction of .^team navigatiott, vessols can now bring ripe pine¬ 
apples from tho West Indies to England in pretty good con¬ 
dition ; and their importation has become an extensive trade, 
moMI titan 200,000 having been brought from tho Bahamas in 
1861. Consequently, this fine fruit is often sold in London and 
other large towns at a cheap rate compared with the price asked 
for those grown in English hot-houses. English-grown pine- 
^tplea are worth from ten to twelve shillings per pound, whilst 
those imported rarely exceed half-a-orown for the entire fruit. 
Inferior pine-apples are frequently sold in the streets in slioes 
at a penny per ^oe. 

. (6.) miTB. 

Hxsn, JBIitir [OoryVut Avellana, L.; natural order, OupM- 
fwS ),—^TUe familiar edible nut is found growing wild ia the 
United Eingdma, in the forests of all parts tompeiate Europe, 
and in many plaoes in Asia. The oonsumption is immense, 
especially amongst c^dren; and many thousand hnshols arc 
Muuially bronght to this country from Spain, Bioily, Smyrna, 
and otiier plam. Tbe ffl teyt is only an improved variety of 
tha common haael not, ul^though oooasianally imported, ia 
nimaJly cultivated to aafficient qnamtitiea in England to snpply 
tim demand. 


COLOUR.—V. 

By Pnrfeaaor Csuaca, Boyal Agricultaral College, airanosater. 

TBX BXOONDABT AlTD TXBTIABT COLOUB8—OONTBASTfl Of 
TOBB AND ast COLODB. ^ 

Secondary eolovn may now engage onr attention. On refrrriag 
to the central figure in onr c^oured diagram, it will be seen 
that the three primaries ocenpy the angles of the first triangle, 
mid the three secondaries the angles of the second. If we repre¬ 
sent the same arrangement wi&out Cohmr (Fig. 13), we ■l»ll 
be eble to point oat very eleazly tha oonstitnents of each com¬ 
pound colonr. The three small trianglea marked I. oentoin the 
three primary colours, while those marked II. contain the three 
secondary colours, l^en equivalent quantities of yellow and 
red are mized, orange is the result—a seooudary odour equally 
distant from yellow on the one side and rod on the other. It is 
commonly held that, with material pigments, three i>arts (by 
surface measurement) of a good yelkw require five parts of a 
good red to form tho normd orange. Tbe eight pi^ of tiie 
normal orange formed in this way will serve as a complementary 
equivalent to eight jiarts of tbe normal blue. But, after all, 



these and similar nnmbers are merely approximate, serving just 
to indicate the dirootion in which one coloured constituent must 
preponderate over another in such mixtures as the seoondaiy 
colours. When yellow and rod are mixed in proportions diffei> 
iug from those necessary to oonstitate the normal orange, the 
resulting colonr becomes a yellowish.orange or a reddith-ownge, 
aoeording to the predominance of either of the constituent 
primaries; ooantloss variations of a seoondary odour in this 
direction aro possible. Indeed, os we have already shown, most 
of onrodonred materials, nsually regarded as exhibiting primary 
oolonrs, in reality farnkh ua with seoondary hues of titis kind, 
though their mixed ohoraotor in not perceiv^ by the unassisted 
vision. 

The following list shows the imaginary or theoretical com¬ 
position of the three sooondary eelours, and their six chief 
modifications or hues. Tha letters Y, B, and B represent tho 
equivalent proportions of the three primaries—^yellow, red, and 
bine; the equivalent of yellow being assumed to bo 3, of rod 5, 
and of blue 8;— 

SECOXDABT COXOCRB. 

T + E = Orange. 

E + B = Violet 

B + Y = Oreea. 

SSOOXDAST KCaa. 

ST + B=Tellowieb-onmgu. 

T + SB B Beddieli.oraDge. 

SB + B = Beddisb-violot. 

B + SB =3 Bluish-violet. 

SB + Y = Blnieh-green. , 

B + ST = TeHowiah-gieen. ^ 

^Oranffc. —^This colour is the most powerful and brilBant of 
the three norms! Beoondarios. It is seen in the pigment known 
as cadmium yellow (tho cadmium sulphide), and ba the skin of 
a rioh-oolonr^ ripe orange. To make a pure slad bright orange 
by mixtmre, it is essentkl that the yellow pigment dtould incline 
to red rather than to green, and the r^ pigment to orange 
rather than to blue. If tho costraty bo tiie case, dnd a greenish- 
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yellow pi^oDt bo mixed with a'red, or a yellow with a Tiolet*' 
red, a certain amount of groy is produced by the combination 
of tbo throe iwimariee preuont, and a dulled tone of orange is 
the result. The worst effect of tliia kind is produced when a 
gTeeni8h-<yellow is mixod with a violet-red. Gamboge and 
oarmino form an orange for inferior in purity to that produced 
by the admixture of oh^me yellow end vermilion. 

’ Videt is the least powerful of the secondary *lonr8. The 
aniline dye known ae mauve may bo taken as somewhat near 
the normal violet. Many other drtifioial colouring matters made 
from the produota of coal-distillation also approach this boanti- 
lul oolofR. Violet nsnaliy appoiirs much redder and duller by 
oandle or gas-light than by daylight. The yellow and orange 
rays which ore present in peculiar abundance in most arliAoial 
lights, nentraliHO some of tho bluo in the violet, forming there¬ 
with grey, and at tbo same time sottiiig free, as it wore, tho 
red element of this secondary combination. To make a pnre 
and bright violet by mixture, it is essential tliat the rod pig¬ 
ment should inoliuo to blue rather than to orange, and that tho 
blue pigment should incline to rod rather than to groou. Vor- 
milipn and oobnlt produoo a very dull and earthy-looking com¬ 
bination, owing to the prosonco of orango in tho former colour 
and green in tho latter. Carmine and nltramarma afford a^ 
more satisfactory mixture. 

Green is more vivid than violet, but less so than orange. It 
oooapies a considerable space in the solar spectrum, where, 
however, much of the green light has a yellowish hue, and some 
of it inolinoB towards bluo. Kmoruld green is in reality far 
from rofiooting pure green light only to tho eye. Its spectrum 
is amply deficient in rod and orange rays, yot oven' those are 
by no means absent. Tho now “ aniliue green,” which rotariis 
its oharaoturistic and brilliant colour by artificial light, absorbs, 
when of Buffloient purity aud in snificiont amount, nearly all 
rays except tbo green. When a piece of cotton dyed with this 
green is interposed between a light and tho speotrosonpe, it will 
be found that about six thicknesses of the fabric arc requisite to 
strain off all tbo red rays. But this result may bo oecuni- 
plishod more easily by a solutiim of tho colouring matter; for 
in this case there are no interstices through whidi light can 
pass, and thus oscapo tlio selootive absorption of tho xngmont. 
Vitidion, tho beautiful and permanent oliromo green introduced 
very rooontly, transmits tho green rays or green portion of 
the spectrum nnohanged, but along with them a small portion 
of tho rod and of tho bluo rays. In producing a gp-con by ad¬ 
mixture of yellow and bluo, it is imiHutant to take a yellow 
and a blue both free from red. A greenish-yellow and a 
greenish-blue, or else a pure yellow and a pure blue, may bo 
snooessfully used. Notwithstanding its brillianoy, cadmium 
yellow, which is really an oiatige, eannot bo made to yiold a 
satisfoetory green by the addition of any kind of bluo ]>igmont. 

Tertiary Colours have now to bo oonsidered. Eeforrisg back 
to our diagram (Pig. 13), wo find six spaoos marked III, Each 
of these spaces is immediately contiguous with a space (marked 
1.) assigned to a primary, or to a space (marked II.) assigned 
to a secondary colour. Wo have already alluded to tho fact 
that the so-oaUed tertiary colours ought, strictly speaking, to be 
regarded as nothing more than dnilod tones of tho primary and 
BsoOndaiy oolours. Indeed, it is impdlisible, on the theory of 
the three primaries together fonning*groy, to have any colour 
whioh shall exhibit the oolour-effoot of more than two of them 
together. An examination of tho oomposition of the tortiaiy 
oolours will explain this point. Using again our former sym¬ 
bols for tbo primaries, and lotting Gy stand for grey, we may 
exprasa the oonstituente of tho six normal tertiorics thus.— 

2X + B+ B»»T + Gy ■= TuHow-eroy, or eitrins. 

8T-f2B4' B^T + B + Gjrss Orange-grey, or li»/. 

B^Bt- Qy <=• Bed^ali-grey, or rtuwt. 

T-l-2B + 2B=sB'l-B-(-Oy »= Violot-gruy,orjilttm. 

y + B+2B>sB + Gy = Blnish-grey, or tlote. 

ST-*- B+2B»=T,^B + Qy = Oreenirti-grey,orlOffc. 

Zt is commonly stated that the tortiary oolonrs ate com- 
IMtOuled of the secondary colonrs. Thus the two seoondarioa, 
oshaga and green, are assumed to gha rise to the tertiary 
oaknr known as eiMne, This hue is rtidly notiiing more than 
a ^<W>gray; for its orange Conatitnen^ sontainB yellow ax>d 
r^d. ^ its BMen constituent yelldw and blue. Snbtraoting 
s^EshvlsBti of the three primaries, so as to femn grey, wo have. 


therefore, nothing but a residue of the primary yellow, to'pH>> 
duoe the whole oolonr-effeot of the mixture of &e sooondaria* 
erongo and green. This residual yellow is dnilod by the pre* 
seuco of tho grey whioh is the prednot of mixing equivalents of 
pigmonts representing tho thm primaries, ^e oolonr oom- 
plemontary with citrine or yeUowish-grey is ^violet, whioh, of 
course, Bui>plios tho blue and red whit^ have been extinguished 
in the former hno. 

Tho secondary oolours orange and violet produM, when 
mixod together, tho tertiary hue kSnoWn as russet. It is realfy 
a reddish-groy. Some autumnal leaves present good oxamides 
of this colour. Its oomplemontary is green, whi^ supifitM the 
yellow and blue which are wanting in russet. 

Tbo secondary colonra green and violet prodnoe, when mixed 
togothoT, the tertiary hue often called olive, but whioh may, 
perhaps, be more oorreoily designated slate. It is really a 
bluish-grey. Tho oomplomentary colour is oritnge, whioh sup* 
plies the missing red and yellow constituents. 

Wo may here name, as other and very useful tortiary hues, 
those known as buff, plum, aud sage. Buff, or orange modified 
by grey, may be produced by tho addition of red to oitrino, or 
by mixing the throo primaries so that yeUow and rod pre¬ 
dominate. Sago-groon is produced by tho addition of yellow to 
slatc-colour, or by mixing the three primaries so that both 
yellow and bluo iiredominate. Plum-colour is a violot-grcy 
produced by tho addition of bluo to russet, or by ndxing tho 
thren primaries so that both blue and red predominate. 

Numerous other teri'iary hues, besides tho six just named, ore 
constantly observed in natural objeots, and may bo reproduood 
with great advantage in decorative art. It is, however, vary 
difficult to describe the oomposition and character of suoh 
colours. 

Cothtrasls of tone and of colour ,—If there be tbo slightest 
difference cither «{ tone or of colour in two oontiguous or neigh¬ 
bouring coloured or shaded surfaces, that difference will not bo 
soon oxoctly as it really exists. Under such oonditiuns, either 
the retina of the oyo receives on impression which does not 
actually ro]>rndaco tho facts of the oxtoior phenomenon, or tho 
message transmitted to the brain is itself modified. Whatever 
tho exact cause, the study of tho suibjective modifioations of tono 
and colour is ono of tho most important branches of our pre¬ 
sent smus of .lessons. Wo shall describe, first of all, contrasts 
of tone, and then contrasts of colour. 

Contrasts of tome may bo either suooessivo or simultaueons. 
Of the first kind, wo have examples in the foots that a dark- 
toned piece of cloth or paper looks lighter if wo have imme¬ 
diately before been looking at a still darker pieoo ; and tbat a 
light-temod xneoo looks darker, if wo have immediately before 
been looking at a still lighter pieoo. Tho following are illustra¬ 
tions of the facts of tho simnltoneons oontrasts of tones:—^We 
first take two strips of palo-grcy paper, and fix them a few 
inches apart towards one- side of a pieoo of linon strotohed 
across a window. Two similar strips ore next prepared, but 
they are to bn of a oonsidorably darker tone. One of these is 
placed BO us to touch one of tho first strips; the other is fixed 
at some few inches’ distance. The following sketch shows the 
avrangemont of the strips:— 



Upon steadily looking at the four sheets tor a short tune, It 
will be peroeived that a' oloso to b seems lighter than A, while 
B close to A' Booms darker than S'. The effect of contnuit in 
altering the tone of the oontiguous strips a' and B may be 
further studied in this way. Slake suoh openings in a p|eoe of 
card as to divide tiio strips A and B each into titree portions. 
It will then be noticed that the two nearest portions ore most 
contrasted in tone, and the others less so in proportion to their 
diatanoe from the line of contact. ' But the efi^ (ff oontiiast of 
tone is st^ better seen when a more complete setieB of toned 
stripe is plac^ in oontignity. In surii a ease the eSbot on all 
the strips, save the end ones, is that of a donUe oaotrast. Ihe 
second strip, or second tone, has one side of it made B{tpai!ent^ 
darker by reason of the oontignity of the lighter tone of strip 
1, •while the other ride seems ligfator by the oontigirity efthn 
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darker tone of strip S. The general reanlt of these double 
oontiasts is that the whole series or scale of tones presents 
the appearanoe of a number of hollows, although, ia fact, the 
apparent hollows are perfectly flat spaces of shading or colour¬ 
ing, Tba effect is approximately represented in Fig. 14, where 


fhe reel flatness of each tone of the six may bo Torified by 
covering up all the other spaces by a card. The same diagram 
of contrast of tone may be mode more effective, by dividing a 
slip of card into several equal sections—say, six—by faint 
pencil lines, and then giving all six a light wash of Indian 
ink. Kelt, when this is di-y, fivo sootions reoeivo a second 
similar wash. Afterwards the same prucoss is rupoatod nntil 
the third section has received throe waslios, the fourth section 
four, the fifth section five, and the sixth section six. In carry¬ 
ing out the process, all suctions, except those being submitted to 
the operation of washing, should bo hid from view. Without 
this precaution it is diffiimlt to secure a fiat tint In each strip. 
If a scries of piooes of grey paper of tlio same colour, but of 
different tones, are obtainable, they may^io used in the con- 
stmetion of the same fignro. They should be of equal size, and 
bo pasted close together on a strip of cardboard; or o strip of 
glass or gelatine may bo so arranged os to present at one end 
one thickness of the material, and the other end six or more 
thioknosBBB. On looking through the series, especially if a 
piece of white enamel glass, or a sheet of white paper, bo placed 
behind, the effect of siuiultanuons contrast of tone will bo 
clearly parooived. It is scarcely necessary to state that tba 
tones of any particular colour may bn used as well as grey to 
illustrate this kind of contrast. Its charaotoristio effect is not 
soon unless the contrasting tones differ considerably in inten¬ 
sity, and are in close contiguity or absolute contact. 

Contrasts of colour are always more or loss complex in cha- 
raoter. There is, to begin wiUi, the actual or objective differ¬ 
ence between two colours, and then, superadded to this, we have 
certain subjootivo modifioatious, of an oonlar or mental kind, 
which all oontrastod colouiu produce. Further than this, it is 
rare to find any contrast of colour in which the effects of oon- 
trast of tone are not likewise present. Wo shall have to speak 
in a future lesson, and with considerable detail, of the practical 
results of all the circumstancos which affect contrast of colours, 
and so now wo merely introduce this subjoct by a few wordy on 
the suooossivo and simultaneous oontrast of colour. 

If the eyes have steadily regarded some ooloured object, and 
then look at a colourloss object, that object will assume a colour 
oomplemontary to tliat of the former, or will presout an imago 
of that object in the complementary oolonr. If the soound 
object be itself olso coloured, but differently from that first 
viewed, then the oomplementory colour will mingle with that of 
the seoond object, and modify its proper oolonr accordingly. 
But even a tldrd case of snocoasive contrast may occur. Sup¬ 
posing we look steadily at a series of pieces of scarlet cloth, one 
after another being placed before ns; the eye, fatigued with the 
repeated calls on its perooption and appreciation of searlot, 
becomes incapable of estimating the series of identical spoci- 
mena, and reports the last specimen to bo duller than the first, 
^e eye has become less appreoiative of rod, and more apprecia¬ 
tive of the other colours. It sees less red, and more green than 
before. Thie green mixes with the red of the later specimens of 
dlotir, dulling and mo^ying them. The eye may bo rested and 
restored to its proper condition by gazing upon a piece of green 
oloth, when its power of appreciating red will onoe more return. 

The ebnnltaneotts oontrast of colonrs was first thoroughly 
worked out by the French chemist, Cheyreul. It is the most 
fertile of ell Ue laws of oolonr in the elucidation of the actual 
phenomena dt oontruts, and in tiie suggestion of new com¬ 
binations. When tvro eolonred objects are soon at the same 
tine, they ueually mutually affect each other both in oolonr 
and tone, A ydW object, for example, placed close to a bine 



\ one, will appear as if it indlined to orange, while tiie blue 
objoot will seem to incline towards violet. The reason of this, 
on ihe assnmptien that yellow, red, and blue axe the primaxy 
oolonrs, is that the eye looking at yellow becomes less able to 
appreciate it, and sees ihe remainder of the primary oolours, 
red and blue, that is, violet. This violet mixing with the eon- 
tiguous blue colour tinges it with a faint traoe ef red. So witii 
the blue object: the eye looking at the blue beoomos less able 
to appreciate it, and sees the remaining prim^es, yellow and 
red, or orange, the oomplemontary of blue, which orange is im* 
parted to the yellow, giving it a reddish hue. But blue and 
yellow differ much in their respeotive valno as regards tone. 
The luminous and brilliant yellow becomes still more brilliant 
by contact with the richer and deeper blue, which itself is at 
the same time deepened, so that under ordiuMy cironmatanoes 
these two oolours afford a combined example of simnltaneons 
contrast of tone and colour. But two oomplemontary colours, 
such as red and green are proeumed to be aocording to ,1ho 
common theory,do not modify one another’s colour by oontigui^. 
Thcurotioally, they contain the three oonstituents of white 
light, and the eye perceives no dofioienoy or excess of any 
eolonred elements in the combination. So red and green merely 
onbanoo each otiior's charooteriatics when in contact. Thus it 
^ with orange and its complementary blue, and with other 
pairs of oomplementory colours. 

By placing strips of ooloured paper together, a few of the 
chief phenomena of simultanoons contrast may be easily ob¬ 
served. Wo hero give a list of some of the modifioations of 
hue which coloured siufucos seem to undergo when placed in 


contact in pairs 

:— 






Bed inclines to violet. | 

Orange Inclines to yellow. 

Bed icitk orange 


„ yellow. 

Orange wUh violet 

' *1 


blue. 

Bed 


„ violet. 

Yellow 

»» 


orange. 

Bed witli yellow 


„ green. 

Yellow mth green 


>1 

blue. 

Bed 


„ orange. 

Yellow 


• S 

oraAge. 

Bed with blue 


„ green. 

Yellow wttli blue 

Pt 

11 

violet. 

Bed 

i* 

„ orange. 

Green 


1» 

yoUow. 

Bed vfilh violet 

ft 

,, blue. 

Green irttll blue 

ft 

>1 

violet. 

Orange 

ft 

„ red. 

Green 


fl 

yellow. 

Orange with yellow „ 

„ green. 

Green leitli violet 

ft 

*1 

red. 

Oronc^e 


„ red. 

Blue 


>1 

, green. 

1 Orange loitfe green 

)> 

„ blue. 

Blue witli violet 

>9 

>1 

1 red. 


TECHNICAL DHAWING.—XVI. 

BHAWma FOB MACHINISTS AND ENGINEERS. 

Fig. 172.—This study is intended as on exorcise in the nso of 
the set-square of GO®. 

Having eonstructod the containing rectangle, draw diagonals 
by means of the set-square resting on its shortest side on the 
T-squore. All lines drawn against the hypothenuse of the set- 
square in this position will be at 00° to the horizontal lines and 
at 30® to the perpendiculars. 

Now divide the base into the required number of equal parts, 
and draw lines from them x>axallel to both diagonola. This is 
done by taming the set-sqnarc. These lines will out the per¬ 
pendicular sides of the containing figure, and from tho i>oiuta 
thus obtained linos poraUol to the diagonals may again be drawn 
ns before. * 

To tost the correotnflss of your work ns yon proceed, (1) 
Draw the horizontal line A B, which should pass through all the 
intersections at that height. 

(2.) Draw tho perpendicular c d, which should pass through 
all the intersections at that distance from the side. 

(3.) Join any two of the iioints on a line drawn, as a b, ^d on 
E F construct two equilatoml triangles; the apex of the one 
should bo on the intersection a, and the other at H. 

If tho drawing does not fulfil all those conditions, there is some¬ 
thing inoorroot in the oonstrnotion ; and as the error would cause 
all tho work based upon this original figure to be inaocurato, it 
is advisable to mb it completely out and start afresh. . Tho 
most economical plan is, therefore, to work with the utmost oaxo 
in the early stages, on which all tho subsequent operations are 
IsAsod 

Fig. 173 ia another design for a cast-iron grating, as an appli- ■ 
cation of tho foregoing study. . .. i ^ 

Having carried your work up to the stage shown, in tho last 
lesson, it becomes necessary to mark the width of the orosa-bers. 
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Now ia Fig. 170 ihuwu done by sotting oS half the zeqnired 
ihiekness on eaoh side of the inten»otion; but it will be evident 
that in the present instance this would not answer the purpose, 
as the lines intersecting are not at right tingles to each otW, 
and therefore the measurement set off on them would not give 
the oorreot width. Therefore, at any point (as a) draw a line at 
right angles to one of the cross-lines, and on this, on each side 
of the intersection, set off the half-width of the bars—vis., h, c 
—and through these points draw the required lines cutting the 
oross«lines in d and e. This length, therefore, may be set off 
from each of the intersections, and the required widths of the 
bars win tims be obtained. The centres for the circles are, of 
course, the intersections of the primary lines. 



e O 


Fi^. 174, 175, 170, 177.—These figures are simply intended 
to give practice in drawing conoentiio circles. The greatest 
care is neeessaiy in this operation. The compass should be held 
loosely between the forefinger and thumb; the pressure on the 
steel point should bo so very little that scarcely a mark is made 
on the x>aper. If by carelessness or pressuro tliu paper is pene¬ 
trated, the hole will be made larger as each circle is drawn, and 
of course the centre becomes no longer true. Thus the ciroles 
will not be parallel to each other, nor wiU the curve on ending 
meet the starting-point. 

As oouoentiio ciroles are of constant ooonrronco in mechanical 
drawing, it is important that the student should acquire the 
power of drawing them with the utmost precision and facility. 
The peuoil-leg should be allowed to tnil over the paper, and 
where numerous eoneentrio ciroles ore required it will ^ found 
in many oases nnneosssary to pencil them; the radius of each 
msy be mttely marked on a line drawn through the centre, and 
4iH «jzdM thamedves can then be at onee drawn in ink. 


If a huge drole is to be drawn, the inkmg-leg of the eompoM 
should bo bent at die joint to allow of both the nibs of die pan 
touohing the paper. If this is not done, the outer edge of the 
oirole y^l be ragged. For smell oirolM, bow-oompasaas are 
neoessaiy. These, which have been already described (page 12), 
are small oompasaoa with a neat handle at the top, by means ^ 
which they >uay be twirled round between the Bagm and thumb 
with the greatest ease. The best kind are made widi joints 
in both legs, by means of which the steel point and the pen or 
ponoil can be made upright, and thus tar better work is secured. 
For adll smaller oirdes “ springabowa ” are used. These are 
very small and refined instruments, whioh open by means of a 
spring instead of a joint, and are regulated by a screw; they are 





only sold in the better class of boxes, but a set of bow-oompassea 
(three) can bo purohased in separate small cases. 

Fig. 178.—study is designed to afford piaetioe in joining 
ares. Tlio first line to bo drawn in this case is the horixohtal. 
On this desoribe a semioirole, A B. From the point where tiie 
somioirole meets the straight line (viz., b), set off the ^radius 
viz., B c), and fromo desoribe the next semioirole on the opposite 
side of the line, oarofnlly observing that the semioirole starts 
aocnrately from B, and that the joint is effected without any 
thiokeuing, the curves running into each other so as to form one 
smooth wave-line. When the student can aooomplish this, the 
drawing of a wave-line of a given breadth may be attempted. 

Having drawn the centre line as above, sot off as the radius 
on each side of b half lUte required brndth—viz., B B and b r; 
then with radius extending from oentre to each of these points 
in turn desoribe the semioiroles required.'' Joining ourvus to 
straight linea oocnia frequently in mechanica l drawing, and this 
ia thmefora made the anbjaot ^ the fidlowing etu^. 
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179.->-T1ie oljgeot here reprosented is a portios of tihe 
faaminff of a amaJl “ table engine.” 

HaTing set off from the centre line, A, the half>width of the 
framiag, AS and A o, erect perpendicnltura. Draw the horizontal 
Borface ^e'top and the edging n, s. 

Now set off from A the diatances F and o, for the width of the 
opening, and from A set off also a h and A i, so that f h and o i 
may be equal to s s and b c, the edging of the framing. 


the curves first, aa it is easier to draw a straight line to meet a 
curve than the reverse. 

Fig. 180.—This is aU elevation of the pillar snpporting the 
“ governor,” from the same small engine. It is supposed that 
bnt little tionble will be found in drawing this fignre, as far aa 
the straight portions of it are oonoemed. 

Draw the gronnd line and central perpendicular, on which set 
off the heights f<» the horizontals. 'When these have been 



From B t a F erect perpendirndars, and at J K and L u draw 
horizontal lines. 

IVom I, and K set off L K and ii o equal to n j or u x, and at 
X and o erect perpendiculars, catting j K in P and Q. 

From K pnd O, with radius N l or o u, describe quadrants 
joining l'f and u q. From n and o describe quadrats, with 
radius h b or o s, cutting n f and o g in t and c. 

Join P q and t v, ;irhich will complete the framing. 

The manner in whibh the curves at the foot of the framing 
are obtained being precisely' similar to those above, no instruo- 
iioiui oonoeming them' are deemed necessai^. 

Observaj~-When curves are to be joined to straight lines, draw 


drawn, tho widths are to bo sot off from the centre line. The 
points a b and c d having been joined, it only remains to describe 
the curve at e / and that on the opposite aide. This curve is 
tho arc which is formed by using tho apex of an equilateral 
triangle as the ooutre, and the side of the triangle as the radius. 
This part of tho drawing is worked out on a large scale in the, 
nest example (Fig. 181). 

From e and J, with rodins e f, describe arcs cutting each 
other in 9 ; tiien from g, with tiie same rodina, desoribo the 
ore s/as required. 

Fig. 182 is tho Cyma Beota moulding, and Fig. 183 is the 
Cyma Beversa. Both of tiieee are of frequent oaourrenoe in the 
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framing' of maohinn^, and tiie mode of 0008 ^x 001300 them is 
therefore iotrodnoed hero. 

Draw a line between the pointa which are to be connected by 
the ourre, as a b (Fig. 182), and bisect thk line in e. From a, e 
and e, b desoribe arcs oat&g each other in d and e; these will 
be the centres for tiie two parts of the onrres, which must glide 
smoothly into each otiier ate. The form of carve may be varied 
moT^ point e either higher or lower, or toJdng a shorter 

or longer radios with whioh to doscribo the area. 


AQRICULTUKAL DEAINAGE AND 
IREIGATION.—VI. 

By Pxofeisor WaieHTBOi;, Boyol ilgricultural College, Gireneestor. 

COST or uuaiNAox, zrp. 

Land drainage under ordinary oircamstanooa can hardly bo 
spoken of as a very oomplioatod prooess. The reasons which 
aocoant for its marvellons effects, the changes it induces in the 
soil, the discussion os to the proper depth, distance, and diroo- 
iion of tho drains, and the practical advantages which follow 
its adoption, are aU fertile subjoots. Tho more description of 
tho prooess of laying the pipes, however, need not detain us 
long. Wo have already devoted some attention to this portion, 
of tho sahjoot, and it now remains for us to consider some difii- 
cnltioa which the practical drainer will encounter. Where 
the land is very wot, it is occasionally diffionlt to keep tho 
tronoh opon, in whioh case support must bo given to the sides 
by boards audT stmts until tho tiles are laid. Sometimes a 
qnioksand is mot with, upon which it is impossible to lay tiles, 
os they would speedily sink ont of regnlar line. Under such 
ciroumstancoa, a layer of straw (according to Mr. Wilson, of 
Edington) or a narrow board mnst bo used in ordor to give 
support to tho tiles until they have time to act on tho sur- 
ronnding mass of soil, and rondor it dry and firm. 

Tree and hedge roots ore another suuroo of datiger. In ordor 
to avoid this, no drain should he laid nearer than fivo or sir 
yardstoafonco, unless special precautions ore taken for prevent¬ 
ing tlio entrance of root-fibres. Thorns arc sometimes placed 
over tho tiles in such drains to prevent this uccarrenco, and, 
in other oases, close-fitting collars arc used at every joint so as 
to seenre them from tho entrance of roots. 

It is oooasionolly necossory to eorry a drain noross a water¬ 
course, and when this is required it may bo passed underneath 
with the assistance of a few foot of iron piping. 

Another difficulty frequently presents itself in obtaining a 
good ontfaU. Ditches whioh receive drainage water ought to 
be strengthonod and deepened so as to offer tho least possible 
rosistanoo to its passage. Whore tho land to he draiuod is 
situated on a river-bauk, it is sometimes difficult to contrive 
a suitable outfall for throe or four feet drains. In such cases 
tho main drain must bo run parallel with tho stream such a 
distance as to ousuro an outfall for the higher-lying land. 
Laudfoat stones and rook also arc frequent obstmotiona in 
cutting drains, but this is a difficulty which gives way before 
extra labour. If the rook is of a porous oharactor it may 
oooasionally be made use of as a vont for surface water. This 
plan is frequently followed in chalk and other districts whuro 
the nature of tho soil will allow of iK The water is brought 
by ordinary drains to a low point or fotns, where a well is snnk 
down into the rook, and thus tho water is discharged into the 
groat reservoir whioh underlies tho formation. 

The complete afiration of tho soil is one of tho principal 
fnnotions of drains. It is, thoreforo, by no moans a matter 
of surprise that tho idea of “air drainage” should have been 
maintained strongly by many i^rioultariets. All vhraining, so 
far as it admits sir, and cannot act unless air is admitted, 
is air dnunage, but the advocates of this system wish to go 
fortiier. They found an able exponent in tho late Mr. S. 
Hutchinson, agent to tho late Earl Brownlow. An idea of this 
method may be best obtained by referonoe to Mr. Hutehin- 
eon’% experiments as resordod in Vol. IX. of the Royal Agri- 
eultwral Society’a Journal. He there makes the following 
-atatsmmit; “ The field to which I refer is in the oceupa- 
tiem of lb. Strafford, of Hamham, near Newark-uimn-Tront, 
cmd consists of ten acres of strong loamy soil, resting upon 
ai' nlay sabsoil. It was nnderdzained by Mr. Strafford iju 
J848| hjr twanfy-five panllei drains, turn feet deep and fivo 


yards apart, each disoharging into ai covered oatfall at tho 
bottom of the field. In the antnnm of 18^ it ooourred to mo 
that this being a Bhallo#-drained field, presented a good oppor¬ 
tunity for experiment. I divided it into five oompartments, 
a a 

I • • ■ i i ' T". ' I .. . t I • 


Fly. 11. 

(eeo Fig. 11), each containing fivo of tho drains. With tho two 
outside and tho centre compartments I did not interfere. Into 
tho two other compartments I introduced what I called an. air- 
drain, a' a', across the upper ends of tho five drains, in cnoh 
case, to join them together. I then connected tho air-drain so 
cut with tho adjacent open ditch at tho top of tho field, in 
order to inoroaso tho natural ciroulation of air through the 
ordinary drains.” This experiment was sncoessful, and sub- 
seqnontly both Mr. Strafford and Mr. Hutchinson wore struck 
with the benefit following tho introduction of tho air-drains, 
when tho land under their iufluonoo was oompaiod with tho 
neighbouring compartments not so treated. With a view to 
tost the accuracy of thoso observations, tho produce per im- 
I)orial aero was accurately asoortained, both in wheat and 
turnips, and the result showed a palpable advantage in the air- 
drained plots. Tlio prescribed method is ezeoodiugly cheap, and 
may bo resorted to without appreciably increasing the expense. 
Upon somo soils an air-drain may bo required iu order to facilitate 
the egress of water j in others the porous character of tho soil will 
allow a sufficient circulation of air without any additional help. 

Wo now approach tho oonsideratiou of tho coat of drainage. 
This >vill vary with tho expense of digging tho trenches, their 
depth, the distance between thorn, and the price of tiles. Tho 
Cost of digging throe-foot drains through homogeneous clay 
soils is often estimated at one penny per linear yard, but where 
stones and roak occur this price may be indefinitely increased. 

The distance between tho droina resolves itself, so far as cost 
is conoerned, into a mere question of tiio numbers of rods or 
chains per nc.ro; and the price of tiles is very dopoudont upon 
that of coal. Whoro tills is abundant, 2-mch tiles (internal 
I diameter) may bo obtained at from 17s. to 208. per thousand, 
and threo-ineh tiles at about 30s. per thousand. The following 
1 tables, taken from Wilson’s “British Farming,” embody muob 
valuable information upon several of the points touched upon. 


TABLE SHOWINO THE NUJIBEB OP BODS OP DKAIN PEB AOBE 
AT « 1 VEN DISTANCES APABT, AND THE NDUBEB OF PIPES 
OP aiVEN LENOTUB BEqUIBED PEB ACBE. 


Intcrvola 
botwoen 
the drains. 

Bods per 
uore. 

12-iuoh 

pipes. 

IS-inoh 

pipes. 

14-inoh 

pipes. 

15-inch 

pipes. 

is feet 

146J 

2180 1 

2231 1 

2074 

1936 

21 

125^ 

2074 < 

1915 1 

■ 1778 

1659 

2t •„ 

110 

1815 

1676 

1655 

1452 

27 .. 

07f 

1613 

1489 

m3 

1290 

■ 30 

88 

1452 

1340 

1244 

1161 


From tho followiog table we learn the expense of draining 
land will, under ordinary oiroumstances, vary from AS to rather 
more than AS per acre, according to the distauoe between tiie 
cbannels. There are, however, other important elements con¬ 
nected with the materisls used for forming the drains, the 
depth of the drams, and the tenacity or rookmess of the soil. 
With these ever-varying conditions, the cost may easily exceed 
or bo loss than the above estimates. Thns Mr. Stephens, gives 
a list of prices ranging from A2 7s. 6d. to £9 lOs. per aore. 
The first ease was that of a soil desoribed as overlying irregular 
beds of gravel or aan^, and irregular open strata, material 
used being brokss stones. Insushamwetiiediitsiiosbetiinen 




























PEAOnCAL GBOMETBT APPLIED TO LINEAR DRAWING. 


251 


the Arains night he inorecued easily to forty feet with good 
effeot. Contrasted with this minimum, expenditure, we hare 
the high figoro above given, in which the soil was described as 
"hard till" or olay, when it was found requisite to place the 
drains ten feet apart, and whore stones were used as the 
material. 

TABM BHOWINO THU COST OP DBAINIWO Pnil ACEB AT 
_ VABIOPB INTE BYALS DRAINS._ _ 

18 feet 81 feet 84 feet 87 feet SO feet 
apart, apart. apart. apart, apart. 

Cl, i, £ I, d. £ I, d. £ I. d, £ «, d. 

Ijal}Onr-..etittiitg and 

fllUnsatSd.perTod 3 13 43 2 10 3 IS 03 8 11 8 4 0 

Material—pipes for 
minor dnvlBs 18 b. 

per 1,000 . .8501 19 21 14 31 10 6175 

Haulage 2 miles and 
deliver; in fields at 

fie. 8d. per 1,000 . 0 6 4 0 5 6 0 4 9 0 4 3 0 3 0 

Fipo-la;i»g A finish¬ 
ing at Id, per rod. 0 12 20 10 60 9808 30 7 4 
Buperin tend once 

—foreman , .060050050050|050 

Extra tor mains .08002002002 0080 

Iron ontlot pipes' and 
masonry, and extra 

labonr . . .016016016016016 

■ Total . .7 6 16655 11 *8 5044 11 0 

Add for collars if 

used . . . 1 2 10 0 10 7 10 17 1 0 16 3 0 1.3 8 

- 1 -- 

.£8BU 760i6895 15 75 18 

The Marqnis of Twooddiilo gives the expense of tilo-draining 
as varying from £4 to JCIO. Tho lower price is fur cutting 
two-feet drains thirty feet apart at a cost of ^d. per yard, and 
the higher figure is for draining three and a-half foot deep, 
fifteen feet between the drains, and at a cost of muro than Id. 
per yard (Stephens). Draining by moans of tho mule plough 
may be accomplished at a cost of from Ail per acre, according 
to a recent report npon Mr. Hack’s fojm, at Brayduti Manor, to 
£1 Ss. and £1 10s., according to tho nature of tlie soil, and 
tho depth and distance. When, however, cirenmstanoos vary 
BO widely, it is a difficult matter to fix any. definite limit to tho 
expense, almost every field requiring a different treatment tu 
the last, and each case ha'ving its o'wn special requirements 
with regard to depth, distance, and cost of labour. 

The effect of drainage in increasing 'tho produce is, in some 
oases, exceedingly marked. lustanoes arc not wanting in -which 
the agrionltaral valuo of tho loud is entirely owing to this im¬ 
provement. In very many cases one quarter extra per acre of 
wheat, and a proportional increase in tho yield of other crops, 
is locked npon as the advantage which may be expected. Again, 
looking at -Uto benefits of land drainage from a general point of 
view, wo find farmers wUling to pay 6 per cent, upon money 
thus expended by 'their landlords, and at the end of tho leaso 
this per-centago is inoorporatod in the ordinary ront-obarge, 
-theroby showing that the improvement is looked upon as per¬ 
manent. Among the best examples of improvement are those 
collected by Hr. Stephens in the “ Book of the Form.” There 
we are told that in the case of land belonging to Mr. Dslrymple 
of Cloland, Xionarkshiro, one field of eighteen acres cost £6 fis. 
per aero to drain. Frevionsly this field had been ooenpied with 
whins and rushes, and hod been let for 128. per acre; bat after 
draining, the wWt off one portion of it brought JBIS per acre, 
the potatoes off another port All 5 16 b. per acre, and the turnips 
off &e remainder 4221 per acre. Mr. James Howden, Winton- 
hill, Bast Lothian, asserted years ago that, although drains 
should cost as much' as £7 per acre, yet on damp heavy 
land thorough drainage would repay from IS to 20 per cent. 
np<m -the outlay. A farmer in Lanarkshire, who ilwronghly 
drained one-hadf of a four-acre field, and left the other half 
nndrainod, planted the whole field wiih potatoes. From tho 
drained haJf he realisi^ ^45, whilst the undrainod half only 
taaloed jBIS per Scotch acre. It apprara almost unnecessary 
to multiply instanoea. We oenolude by mting the results 
obtained on the Teddedey Hay Estate, the property of Lord 


Hathorton, where, after ah expenditure of from j68 10b. to <24 
per acre, -tiie rental value of the land was inoreaaed in one oaas 
from lOs. -to 27 b. per aero, in miother from 10s. to 8Sa. per 
acre, in a third from Ifis, to SSs., and in a fourth from 8s. to 
22 b. per aero. Such examples, although mattera of fact, on^ 
possibly mislead unless it bo remembered that tbo ordinary result 
is much loss striking, and -that the more modest but satisfac¬ 
tory return first spoken of will be a more usnal measure of the 
I direct advantages derived from land drainage. 

No one now denies tho advantage of draining arable land, 

! although some persons hold that it is possible to ovordrain 
oven this. With regard, however, to postures, there has been 
a considerable amount of disonssion, many fanners considering 
that tho amount of grass is diminish^ by 'the ojieration. 
iiuoh seasons os 1868 and 1870 are well calculated to try tho 
truth of such opinions; it was, therefore, exceedingly judi- 
ciouB of Mr. J. C. Morton, at close of 1868, to request 
answers from correapondonts in varions parts of E^lond upon 
the results, during the long-continnod drought, of drainage npon 
poHtnros. In answer to tho query, “ Arc there instances known 
to you of differonoes, as regards produotivenoss, daring so dry a 
season, between drained and undrained land either arable or 
pasturo?” Mr. Fagot, of Buddington, “confesses that where 
the land had been very recently ffinined, and consequently the 
grassus proper to dry land wore not f-olly established, they did 
not afford quite so much ‘ keep' as the corresponding nndrained 
laud; bat as soon os the rain foil in August, tho advantage was 
on tho side of tho drained land. Those meadows which hod 
boon long drained had the advantage thronghout." This is 
an iiistractivo case, and explains why, in some cases, drainage 
has 'temporarily lowered tho yield of grass npon posture lauds. 
Mr. Wortley, of South Collingham, Newark, says, “ I must say 
tliat, according to my experience, there is some foundation for 
I the jiopular belief that a certain kind of grase land is injured 
j by under-draining; that is to sny, tho inferior plants which 
previously made a show, it they did Uttlo more, are destroyed by 
, the drainago, and they are very slowly replaced by bettor, if 
I tho land is loft to itself. With such exooptions, however, my 
I belief bus always been that tho draining of wet land, whctlier 
j arable or grass, inerooses tho productive power, even in such 
I seasons as the lust.” Mr. James Bawlonce also says, “ I quite 
] think with you that more com or grass have been gro-wn on 
! drained tliun on nndrainod land, ezoept on grass land which had 
been drained tho previous autumn, in which cose tlio aqnatio 
plants all died out from tho long drought and heat, and tho more 
nutritious grasses had not time to fill np their plaoes.’’ These 
concurrent -tostimoiiios to tho effect of drainago upon grass lands 
W'O very couclnsivo, and reconcile apparently contradictory ob¬ 
servations, it being evident that although tho ultimate effect of 
drainage upon grass hind is beneficial, yet there is a period of 
trial between tho dying out of sedges and water-grasses and 
the prevalence of a sweeter and better horbago. 

rRACTICAL GEOMETRY APPLIED TO 
JJNEAR DRAWING.—IV, 

DKFINITIONS CONCEBNlNa POLYGONS. 

Ai.l figures hairing more than four sides are called polygons, 
and are distinguished names denoting tho number of their 
sides and angles—thus : 

A Folygou of 5 sides is called a Pentagon. 

„ 6 „ „ Hexagon. 

„ 7 „ „ Heptagon. 

„ 8 ., ,. Octagon. 

„ 9 „ Noiingou. 

„ 10 „ „ Dociigon. 

„ 11 „ „ Undeeagon. 

„ 12 „ ,. Huodeoagon. 

Wlicn all tho sidos of a polygon are equal, and all ita angles 

equal, it is called rrawbir. _ , 

Whon thfty aro not cfiual, tho polypfOB is said to bo irregulcT. 

By drawing linos from tho angles of a regular polygon to tho 
centre, the figure may bo di-vided into as many triangles as tho 
polygon has sides. In tho regular hexagon those triangles will 
bo equilaleral, but in all other regular polygons they will be 
isoscolcs. 

The methods of oonstmoting the vaiions polygons having boon 
given in " Lessons on Geometry” in Tm Fofulab Edvoator, 



THE 'CBOHNIOAIi BDUOATOS. 


SS3 


it ia only xwoeauxy ia tiiia plam to giro one ot two, in order to 
■how their ■ppUootioBiBiaeduuuoal drawing. 

To iMorite a regular pentagon m a circle, by a epecioZ method 
(Fig. 40). . 

Draw the diameter A B, and biseot it, or divide it into two 
equal peat» ia o. At o erect a perpendionlar, o c. Biimt o a 
in the point a, according to the method indicated in the fignre. 

From D, with radiua u c, describe on arc catting a B in s. 



From 0, with rodiue c e, describe an arc entting the cirole 

in V. 

Draw 0 r, which will be one aide of the pentagon. 

Set off the length c r aronnd the circle in the points a, a, i. 
Draw lines r o, a u, h i, and i c, which will complete the 

figure. 

Application of the foregoing principle in the conetmelion of 
Gothic tracery (Fig. 41). 

Draw a circle, divide it into five eqnal pDrtB,*and draw the 
ndn o A, o B, o c, o D, o a. Bisect one <A the radii, and set 


A 



O K, O P. 

Draw a small circle in the centre, and another, q, concentric 
with it. 

From q to the sides of the pentagon draw lines parallel to 
O X, o Ih eta, at a small distance on each side of &em—vis., 
0, etc. 

the iddes (ff tits pmtagon indefinitely from B, a, B, i, ;r, 
sadfau b v describe ci»>les entting produced aides 
qinns ysBtsf nu in v w and the conesponding points. 


Draw T 0 , w c, and similar lines from the other oirclea, and 
the remaining lines will be paxsllelto, and oonoentrio with, those 
already drawn. 

To eanetruet a regular hesayen on the given line A B (Fig. 4S). 
From A and b describe arcs entting each other in o. 

From o, with radius o A or 0 B, describe a circle. 



^ The radius with which a circle is strnolc will divide it into 
sir: equal ports; therefore set off the length o A, which is equal 
to A B, aronnd the cilde—viz., c d E F. 

Join those points, and a regular hexagon will bo formed. 

To inscribe a regular heeagon in a circle. 

Find the centre of the circle, set off the radins around it, and 
join the points. 

Example 1 of inseribing a hexagon in a circle .—To draw a 
simple fiy-wheel (Fig. 43). 

Draw the circles A and b, representing the outer and inner 
edge of the rim. 



Divide the oiide b into six eqnal parts, and draw the dia¬ 
meters CD, OF, EH. 

' Next draw the oirdes i and j, representing the end of the 
shaft and the boss, or cratral part of the wheel; the small paral¬ 
lelogram at the aide of the inner circle represents the “ icay," 
by which the wheel ia held on the shaft;. 

On the edge of theiboss set off equal distances, S l. 

Draw the circle v, and ou it, on each side of the radii, set 
distanoes rather loss than E and d— vis., w and o. 

Draw ^e sides of the arms, X N and l o, etc.; and witii any 
conveniem radiia describe the small arcs oonnsoting arms 
with the rim at k and o, 

The length f q set off from f and q on the radins, will 
give the point B, which is the centre for striking the sn% 
caused by the dliptual arm meeting (ntiled penetrating) the 
elliptical rim. . 
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Example 2 (ff the appUeation a] the hexagon in mechanical 
drawing (Fig. 44). 

In ihia drawing of a nnt and bolt, the plan—that i«, the 
appearance it wonld have if your eye were diieotly over it, and 
yon looked down upon it—^ie to bo drawn first. 



Within the equilateral triangle, A B c, to inscribe six equal 
circles (Fiff. 45). 

Draw the lines b d, a f, and c E, bisecting the sides and 
angles of the triangle, and intoraocting oaoh other in o. 

Bisect the angle o A b, and the point (q) where the bisecting 
line ents c b, will be the centre of one of the three isosceles 
triangles, into which the equilateral triangle has been divided. 



To inseribe three equal circles in a circle (Fig. 46). 

At any point, as a, draw a tangent, and a a at right angles to 
it. From a, with ra^ns O A, oat the circle in b and c. # 

From B and o draw lines through o, cutting the eirole in d 
and B, and the tangent in the point F (and in ano&or not given 
here, not bring yeqnired). Bisect the angle at f, and prince 
the bisecting line natU it outs A o in h. 

From o, with zadins o u, out the lines n o and b b in i and t. 


m 

From K, t, and J, with radius B A, draw the three required 
circles, each of whi^ should* tonoh the other two and the onter 
rirrie. 



^ To inseribe in an equilateral triangle, A b c, the three largest 
circles it will contain (Fig. 47). 

• Draw A o, B F, and c b, bisecting the angles and sides of the 
triangle, and intersooting in o. 

Bisect the right angle A b o. 

Frodnoo the bisecting line until it outs A a in B. 


c 



Draw B I parallol to a b, h j porellol to A c, and 1 J parallel 
to B c. 

From u, 1 , and J, with radios B K, draw the three cirolos, each 
of which should touch the other two, and two sides of the 
triangle. 


NOTABLE INVENTIONS AND INVENTOE& 

V.-CLOCKS AHD WATCHES (ramcludsd). 

B% JOHN TIBBS. 

C 1 .BBEENWBLI. has long been noted as a clock-making parish. 
The most extensive establishment hero has workshops for every 
branoh of manufacture: as the brass-casting, the wheel ud 
pinion cutting, the case-making, and the movement-making. 
Wooden clocks are mode on the confines of the Black Forest, 
by peasant families—^tho export of clocks from Baden alona 
amounting to Al,000,000 etorling. Of American clocks, in Nsw 
Haven 50,000 brass eight-day clocks arc made in a year at one 
factory; the wheels and plate-holes are all stamped, and the 
maintaining power is a spring, in place of the gradual fall of 
heavy weight. In electrical clocks, riio indicator hoe a olook-facaj 
and an index, or hand, and the communicating disc ia moTed| 
round by the oscillation of a pendulum, kept goingby rieotnmty {: 
thna one olook, by a wire, oommnnioates its own ti me to any 
number of clocks at any distance, kept in perfect unison by Um 
action of only one pendulum. Horologioai electriciiiy also drops | 
time-balls, fires time-guns, and exhibit! an hoarig rignalftom thk ‘ 
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parent el^otro-magiiet olook at Greenwich Observatory, to 
correct any error in the groat dock at Westminster. lUn- 
minated docks date from the “dro-dook” of Martinelli, in 
16G3, and in an old German work wo find designs for illnminatod 
dials; in one the lig^ is placed behind a tra^paront dial and 
opaque figures, which are reflected, much magnified; in another, 
the light issuing &om a lantern is so arranged as to ^1 on, 
and be continued to, tiio dial of a dock. 

It is curious to find, in the year 1869, the good oitizens of 
Seauvais placing in its cathedral a monnmontal olook, composed 
of 14 different movements, and 90,000 pieces (weighing 35,000 
lb.), and costing ^65,000. The body of the clock is 36 feet 
high, of carved oak; it has a figure of the Snprome Being, and 
the twelve apostles, in enamel; the main dial (there arc 50 in all) 
has B figure of the Saviour—the largest onamol existing. The 
pendulum weighs nearly 1 cwt., and is moved by a steel ball 
weighing but tho thlrty-sooond part of an ounce, this muTcmcnt 
impdling tho fourteen others. Tho other dials indicate days 
of tho week, movements of tho planetary bodies, sanriso and 
anuHct, Bonsons, signs of the zodiac, duration of daylight and 
night, saints’ days, months, phases and ago of tho moon, time at j 
principal cities, solstices, movable feasts, age of tho world, year ! 
of tho century, bissextile yeors, longitudes, tides, eclipses, etc. 

In the sovontecttth ond eighteenth centuries KevoraJ very 
onrious clocks wore eonatruotod. Among these were GroUioc’ts 
model of a ball asconding and desconding inclined planes, spiral 
grooves, and'others Bwallowod*by serpents; lizards oscouduig 
columns, with tho hours marked on them, and mien moving on 
a graduated oomico. Tho “invisible clock ’’ at Vauxliall 
Gardens, in 1822, is thus explained:—“An hour-hand pointed i 
to tho hours on a transparent dial, without visible oonneotion j 
with mechanism. This was effected by having,two pieces of I 
glass placed together, tho hand being fixed in tho oeiitro of one 
of thorn, which, turning round once in twelve hours, by motion 
produced at a tangent, pointed to tho hours marked on tho 
other piece of glass, which was immovable.” 

Amongst tho nsas of tinio-kcepers wo find that by means of 
a clock, the Danish astronomer, Roomer, discovered that the 
eolipscs of Jupiter’s satellites took place a few seconds lator than 
bo hod oaloulatod, when the earth was in that part of its orbit 
tho farthost from Jnpitor. Speculating on tho citnse of this 
phenomenon, he concluded that light was not propagated in- 
atontanoonsly, but took time to roach us ; and from calculations 
founded on this theory, light has been discovered to dart 
through space with a velocity of about 192,000 miles in a 
second ; thus tho light of tho sun takes eight minutes to roach 
tho earth. Professor Airy has ascertained the variation of 
gravity at tho surface and interior of the earth, by doscondiug 
■to tho bottom of a deep mine, and tho result of his computations 
is, “ supposing a clock adjusted to go tme time at tho top of 
.■tho mine, it wonld gain 21 seconds per day at tlie bottom; or it 
f may bo stated thus: that gravity is greater at tho bottom of a 
mine than at tho top, by roiaoth port.’’ 

I Time-pieces with springs os the mainmining power (and now 
called Watches) were imperfect maohiues, going with even loss 
precision than an old clock. They bod only on hour-hand, and 
most of thorn required winding twice a day. A watch differs 
from a clock (says Dr. Amott) in having a tribrating wheel 
instead of a vibrating pendulum; and ns in a clock gravity is 
Always pulling the pendulum down to tho bottom of its are, 
which is its natural place of rest, but does not fix it there, 
beoanso the momentum acquired during its foil on one side 
ciUTries it up to on equal height on "the other—-so in a watch, a 
spring, generally sinral, surrounding the axis of tho balanco- 
whool, is always pulling this towards a middle position of rest, 
but does not fix it tbero, booause the momentum acquired during 
its approach to the middle position from either side earrios it 
just as for poet on the other, and the spring hag to begin its 
work again. The balanoe-wbeol, at each vibration, allows ouo 
tooth ibo adjoining wheol to pass, as the pendulum does in 
a olook; and os a spring acts equally well, whatever be its 
position, a watch',; keeps tbne whether carried in the pocket or 
in a moving ship. 'In winding up a watch, one turn of the 
axle on which the k^ is fixed is rendered equivalent, by the 
train of wheels, to about 400 turns or beats of tho balonoo- 
whool; and tbus the exertion, during a few seconds, of the 
] huiA which winds 14 ,. gives motion,to tweniy-four or tbir^ 


Tho invention of the coiled spring in the watch dotes from 
tiie olosp of the fifteenth eentury. It is claimed for Knromberg, 
then famous for vratclies, but the priority is much disputed. 
Their introduotion into England is oqaa% uncertain. The 
watch of Abbot Whiting, dated 1536, is of. accredited antiquity; 
and Count D’Albonne’s silver watch, of English -workmanship, 
is dated 1529. Henry VIII. had a watch th&t wont for a week j 
Anne Boloyn possessed another, as well, as a small gilt olook, 
now in Windsor Castle. Edward VI. hod, in 1542, a “ watch 
of iron.” Mary Queon of Scots possessed a doatli’s head and a 
skull watch; one in a case of crystal, coifin-shapod; and another 
in which a piece of catgut suppliod tho plaoo pf a chain; but 
all these were foreign watches. Qneon Elizabeth had a large 
oollootion of watches. A watch was fonnd upon Guido Fawkes ; 
and of this period is a curious oval-shaped watch in a silver 
I case, ornamented with mythological figures. 'The English watoh- 
makors of tho City of London wore incorporated in 1631. In 
1635 -the value of a brass watch was 40 b. Charles 1. possossed 
several wuiohes. In 1658 was constructed tho spiral, or pendu- j 
lum-spring, invented by Dr. Hooke and improved by Tompion. ; 
Next, Juitro, by ai>plying tho pendulum-spring, added (to the | 
hour-hand) minute-hand) and wheel-hand. Ho also added tho j 
repealing movumont in watches; one of tho first was presented 1 
by Charles IT. to Louis XIV. of Fronoo. Jnai-o also made ‘ 
repeating watches for Jamp.s II. and William III. Ikom 1698 
all irtakers wore compelled by lasv to put their names on thoir 
watolios. In 1724 was invented the horizontal esoapoiuont by ■ 
Graham, who also invented tho mercurial eonipensation-pen- 
dnlum. Graham’s cscapomcnt has bcuti siipersedud by tho 
duple.x, and moro recently by tho lover, which is tVm dead-heat 
escapement applied to a watch. At thi- liepiiming of tho lost 1 
century was invented jewelling tho pivot-holo of watches, to.' 
prevent friction. Next, John Hnifisim, by his famous ohrono-' 

! motor, discovered tho longitude, for which ho reoeivod from 
Parliament 4120,000. Among hi.s other improvements, are tho 
gridiron pendulum and tho expansion bahincc-wheol—tho one 
to O()ua1iso the movements of a clock; tho other, those of a 
watch, under nU changes of temporaturo. by employing two 
diSureut metals to form the roil of the pendulum and the 
eiruumforouoe of the wheel, so that the oontruotion of tho one 
exactly eounterbal.aucos the expansion of tho other. Another 
of Harrison’s inventions is tho going fusee, by wliich a watch 
can bo wound np without intorrnptiug its movement. A time- 
keojior of groator simplicity than Harrison's was that of John 
Arnold, for which ho and liis son received tho Government 
reword of X3,000; tho extreme vai'iation of this machine in. 
twelve months has been thirty-sevon-hnudrodths only. Arnold 
olso made tho smaUest repeating-watch over known, for which 
George III. presented him wltli 500 guineas. 'Xho next im¬ 
prover of tho chronomotor was Tliumos Eorusbaw; and in this 
state it has remained for tho lost ninety years -with scarcely 
any alteration. 

Among the celebrated French watchmakers was Broguet, 
who tHxid some of his woi'kmon thirty francs a day, and none 
less than a napoleon. Ho invented the touch watch, by which 
a spring touebed at any time struck tho hour and minute; one 
cost tho Duke of Wellington 300 guineas. 

Alx>ut Ion years ago, it was maintained that our common 
watch is, in many of its parts, a very ill-construotod machine. 
The train 'of wheel-work, which transmits the motion of the 
niainapring, for example,is contrived on faulty prinoiples, and the 
long-used metliuds and engines wore alike oondomnad. Mr. Dent 
has stated that every watch eonsista of at loast 202 pieces, em¬ 
ploying, probably, 215 persons, distributed among 40 trades— 
to say nothing of tho tool-makers for all of them. It is next 
maintained that if we wore then materially to alter tho con¬ 
struction of the watch, all those trades would have to bo re¬ 
learnt, new tools and wheel-cutting engines would have to be 
devised, and the majority of the workmen to begin life again. 
Daring this interval, the price of tho instrument, it is asserted, 
would be enormonsly advanced. 

Watch-making in England snffoTS much from overstrained 
oomp||ition; the annual imxtortaticfn of gold watches from Swit- 
zerlam is about 35,000; whila the total number of all kinds 
produced at home is but 26,000. 

In America watches are manufactured on a large soalo by aid 
of machinery. We read of a manufaetwy -witii S50 hands, 
mote thuTi half of whom sxe females. The stamps md dies are 
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oat b 7 » 1««™ nuushineryt vhioh ore effooted the proaouse, 
also, ot haideniiis and foraing the barrels end ohamben, ooiling 
and {ostening the .mainsprings, gearing-wheels, and entting their 
teeth; shaping pinions andaidea, cutting eeoapo-whoels, trim¬ 
ming and marking the poroelain dials, drilling a^ shaping the 
jewels, and adjusting and fitting together the various i>arts. 

It has been confidently stated that the result of the intro¬ 
duction of machinery into the watch-making trade is already to 
bo seen in the comparatively low price at which that necessary 
article is to bo obtained; but hitherto the groat drawback hM 
beoq that machinery was unable to compote with hand-work in 
the extremely delicate manipulation of the watch. The difficulty, 
however, is stated to have bean entirely obviated by an American 
invention, which, with the exception of the hair-spring, makes 
every portion of the watch with a nicety scarcely to be surpassod. 
Ono of the chief advantages of this, it is stated, is that each part, 
being made by a separate machine, can, in the event of damage, 
bo supplied through tho post to any p^ of the world. 


THE ELEOTRIC TELEGRAPH.—IV. 

By J. M. WioWKB, B.A. 

INTEBBtri'TIONS IN COMMUNICATION—MODB OP TBSTINO POE 
AND nOCALIKINa FAULTS. 

As we have already soon, any electric circuit is liable to various 
interruptions, which oitou cause serious inconvcniouco. It is 
therefore a very im]iortuut matter to bo able to discover the 
cause of tli .0 intomiptum, and, if it bo an injury to tho lino, to 
find tho exact place at whicli it exists, so tllat it may be re; lairud 
ps promptly as iiossiblo. dVhon any circuit is iiitomipted, the 
first question is to ascertain wlicther tho fault exists in tho 
battery, the instruments, tho ollico, or tho lino. 

Suj)i)oso, tho clerk at any office presses the key of Ids instru¬ 
ment witli a view of souding a message, but flud.s ttiat hi.s own 
needle is liot affected at all, ho at once knows that somotbing is 
wrong. If his own battery or instruments arc out of ordor, and 
will not act, iluit will fully account for tho failure. His first 
duty, therefore, is to make suro that tho fault is not in his own 
ofiico. For tills purpose tho wire whore it loaves tho office 
should bo tomtKirarily connected with tho earth-plate, so oa to 
cut tho linc-wiro and receiving station altogotlior out of tho 
circuit, and a current should theu bo sent again. If now tho 
instrument acts saiisfaetorily, tho fault i.s either on tho lino or 
at tho rceoiviiig station, and tho reason why tho curront would 
not pass is that tho circuit is interrupted at ono of those places. 

If, however, when earth is thus imt on, tho needle still do- 
olincs to movo, tho fault is evidently in the office, and may bo 
a faulty connoctiou, or a fuiluru of tho instruments or batteries. 
Tho latter should first bo tested by coniinctiug their two polos 
with a galvanometer, and noting tho deflection. Should this 
indicate that tho battery is enfeebled or impaired, it should bo 
replaced, or sot in order. It not unfroquently happens that a 
angle coll in tho trough is working badly, and has entirely 
stopped the passage of tho current generated by tho rest. In 
this case tho defoctivo coll must bo replaced, or clso bridged 
over by making a good connection botwoon the oolla on either 
side of it. 

If, howoi'or, tho battery is in good ordor, tho fault must bo 
in the instruments or their connections, and its oxdot placo may 
bo (hsoovored by affixing ono end of a good wire to the terminal 
where the lino-wire leaves tho instrument, and having pressed 
down tho key so as to send a constant current, bring the other 
end of the wire successively in contact with tho different 
binding-screws or oonnootions. As soon as tho fault is passed, 
the needle will immediately bo doflootod, and thus tho place of 
the interruption wiU bo soon. 

Sometimes tho injury will be found to bo a rusted or dirty 
connection ; or sometimes, if inferior oil has been used in any 
part of the apparatus, the dust may have settled on it, and 
become hardened,-so tiwt in this way a faulty oontaot is pro* 
dneed. Too much care cannot bo taken in ensuring the perfect 
doouliness of oU connections, as, oven if the current Masses at 
first, the Bttrfaoe, after tho lapse of a little time, becomes more 
corroded, and a groat amount of inconvenionoo and loss of time 
my be caus^ in disoovering the exact place. A little of the 
wat salad oil shonld be applied to tho pivots and points by 
Wficn n oontaot is node, as a safer connection is ensured 


thereby, an4 this oil will not harden snffloientl^ to iignze the 
oontaot. The oontaot-plato should, however, be firequently 
wiped to remove tho duSt which may have settlod 01 ^ it. 
In this way any faults in tho office are easily discovered, and 
for the most port they may without much difficulty be.^otified, 
unless, indeed, the needle has become domagnetisod, or there is 
some injury to the instrument rendering necessary its return 
into tho maker's hands. More commonly, howevor, tho fault 
exists along tho Uno. An insulator may be broken, or the wires 
may bo so slack as to unme into contact with ono another, or 
with some obstruction which carries away a part of tho current. 

As considerable inconvonienoo and delay ate caused by suoh 
faults on important linos, it is usual to test them every day 
with a view of discovering any flaw before it is sufficiently 
Jcvelopotl to interrupt tho oommunioations. Hi those tests two 
tilings are usurrteined—the degree of msulation, and also the 
amonnt of resistanco which is offered to fke passage of the 
curront, as sometimes tho wire may be well insulated, but a 
defective piano in it may offer such a rosistonce as totally to in¬ 
tercept a weak curront. In all testing experiments tho battery 
power employed should bo as small os possible, since a powerful 
current will often pass a bod oouneotion, which would quite 
intornept a feebler one. 

A well-made galvanometer is the most important thing in 
^sting a lino. There are two different forms of this instru¬ 
ment in common use. In tho moro sensitive of these tho 
noodle is placeil horizontally, being poised on a flno steel point. 
Friction is^tlms redueod to a minimum, and the only force to bo 
overoomo by tho current is the directive influeuoe <5 tho earth's 
magnotima. The instrument is so placed that tho needle may 
point to 0 on the graduated scale; the current is then applied, 
and the amount of deflection when the noodle .comes to rest is 
noted. Tins instriimont is ropresented in Pig. 14. 

In tho other form of galvanometer, usually coUod the 
“ dutccter,” tho noedlo hangs vertically inside tho ooils, a 
pointer being fixed on tho sanio axis so as to indicate the posi¬ 
tion of tho inner nocdlo. In tho mure perfect instmmonts of 
this class, this outer needle is magnetised as well os tho inner 
one, and is so mounted that its north pule shall point in tho 
rovoTsn direction to that of the inner ono, and tlius both are 
affected by tho current round the coils, and tho instrumont is 
rendered ranch more i^cnsitive. Tlio lower end of the needle is 
slightly weighted, so that it hongs vortical when no current is 
passing. Hence this form of galvanometer is moro used than 
the other, as it requires no adjustment of position. Tho gradu¬ 
ated soalo is placed above tho noodle, as soon in Fig. 15. 

Without care tho readings of a galvanometer may bo mis¬ 
understood, for a deflection of 40'^ must not bo taken as an 
indication that tho curront is just twiuo os strung as one pro¬ 
ducing a dofloctioii of half that amount, or 20'’. A special scale 
has accordingly to bo provided for each instrument. In a well- 
mode detector, the values of the degrees up to 30^* were,found 
very nearly to oorrospond with tho strength of tho current; 
above that tho following results wore obtained:— 


40° dofloctiou roprosentua a strength eqalvolent to 

50 * 

60 ° 

65« 


44° 

05“ 

93° 

1SU° 


In anotlior galvanometer, tho values of the rending would 
probably differ to a considerable extent; it is necessary, thoro- 
furo, fur ooeh to be graduated by actual trial. 

liio following is tho simplest manner in which the daily tests 
for insuhitinn and rosistanoo aro made.—Lot A and B bo tho 
stations at tho ends of the lino. A puts a detector in his circuit, 
and then sends a current through it along the lino, having first 
informed B, who for a short time, say two minutes, diseonuecta 
his line-wiro altogether, so as to leave it completely insulated. 
The defluotion of tho detector during this period shows tho 
amonnt of loss by imperfect insulation, and if this amount is 
above tho daily average, it plainly shows some defect, os, for 
instance, a broken insulator. B thon, for a similar period, con¬ 
nects his end of tho line-wire to a good earth, through his own 
detector, and tho results now obtained show the resistance to 
tho current. A very weak battery should be employed for this 
purpose, since otherwise “ full deflection ” would almost cer¬ 
tainly be obtained, even although a considerable fault existed. 
Only very rough tests can therefore bo made in this way, and at 
all principal stations tho rosistoueos ore aocumtely aseertoinod 
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b]r ntMuu <1^ ft Mfittuiae ooil and a difierential galTanometor. I aBoertaining' the pontion of a fanlt in anj' line, when it has 
The last-nained instnunent oonsists of a niaffnetlaed needle ! been ascertained that there is one. Wo must, however, fint 
nioanted with two independent coils, each of which exerta the i know the different kind of faults that are met with. The drat 
iafinenoe on the needle. If, then, the onnent be made ' is a total intemiption of oin^t arising from a broksn wire 
to pass round these in oppoeite directions, the needle will \ or some similar oause, in which ease no current whatever 
remiun at rest, one ooil exactly neutralising the effect of the ^ passes. There may also be a partial want of oontinui^ in* 
other, order to use this galvanometer, two passages are ' dieatod by the signfds at tho’receiving station being lesa^distinct 
provided for the ourrent from the battery; ^e resistance to be than usual; so ranch so at times as to be unintelligible, 
measured is mode a part of one of those drouits, while in the Another defect is '* earth ” on the line—that is, a oonneotion 



other is placed a sorios of resistance coils by which a known 
resistance can be introduced till it exactly balances the other, 
as shown by the needle remaining at soro. ' 

The annexed diagram (Fig. 16) will render this more clear. 
B is the battery, from each pole of which there are two con¬ 
ducting wires. The one leads to the binding-screw A, whence 


at some place between the line-wire and the ground, so that a 
greater or less portion of the current escapes. If the oonneo¬ 
tion be a very good one, so that the whole of the current 
escapes, we have what is technically known as “ dead earth.” 
In this case the signals at the sending station are stronger than 
usual, since there is a shorter path for the current to travel 


the ourrent passes round one coil to e, thence along the line-' along, but no signal whatever is received at the teoeiving 
wire L, whose resistance is to bo asoortainod, returning either ' station. When this happens, each station along the lino should 
by the eartb or by another wire whoso resistance is known, or in suecession transmit a ourrent, and the intermption will 


else similar to that being tested. The other bat- 
teiy wire loads to' c, and from this the cnmnt 
passes round the other ooil of the galvanometer to 
S, thence through the set of resistonoo coils h, 
and back to the other pole. Two oonrsos are 
therefore open for the ourrent, and it aooordingly 
splits between them t the greater portion, how¬ 
ever, passes along the route which offers the least 
rssistanoe, and the needle is acoordingly deflected 
by that. By means, however, of the various coils 
in B, the resistanoe in that circuit can Ik) so od- 
jusM as exactly to bolanco that of the line, which 
is thus asoortainod. If the ennent returns from i, 
by a wire similar to itself, the resistance must bo 
divided by 2 to give that of each wire. If it re- 



Fig. 15. 


evidently be beyond tho last one from which a 
anrront is rocoived. When it has been asoertaiued 
between which stations tho fanlt lies, its plooe can 
he found by noting the rosistanoe of that piece of 
line as compared with its usual resistance. If it 
he only half as groat as usual, tho fault is probably 
about mid-way along it, and so in proportion. 

Fartial earth occurs when there is a fault by 
which only a portion of the current escapes, and 
this is a more difficult fault to test for. Tho 
signals at the sending station are still nnusoally 
strong, since two return paths are open for the 
onrrent, one by tho fanlt, tho other in the usual 
'way. The signals at tho receiving station are, 
however, weakened considerably. 


turns bya wire of known resistanoe, that must be deducted to give | The best plan of testing for a fanlt of this doscription will bo 
the resistance of L. s is a “ shunt ” affixed to one of tlio coils understood by rofurunce to Fig. 18, in which the battery, etc., 
of tho gulranometor, so as to roduoo the effect of tho ourrent'' are denoted by tho same letters as before. If possible, a good 


upon it by providing a short path for the greater portion of the 
ourrent. A peg is inserted between tho piooes of brass, and 
offers ^ or ^ tho resistance of tho ooil, round which accord¬ 
ingly only ^ or ^ of the ourrent passes. The odvontoge of this 
is tiuit by it a much smaller resistance ooil is required, since 
one of 1,000 nnita may balance a resistanoe of 10,000 or 


wire, B, loading from the receiving station, should be used so a 
return wire, being connected to the faulty one at a.’ Let v be 
tho place of tho fault, and let the connections bo made as shown. 
Tho current leaving c to tho onrth-plato will divide at P, a 
IMtrtion passing along by o, h, e, a, to r; tho other portion 
passes through the resistance coils b, and so to *. If b were 



100,000 units, ilift proper shunt being employed. In this case 
tho inoatsd reoistanoes must of oourse be mnltipUod by 10 
or 100. 

When tbe test for insulfttion is being made,'the further end 
of the line is diaoonneotod, and the oortesponding pole of the 
battery petto earth, m eeen in Fig. 17. '^is dronit then can 
only be completed by the escape of a portion of tho current 
f^ the line-wires ia &e ground, owing to imperfect insula¬ 
tion. In keeping a reoerdeff these tests, it is important to note 
also the state of tho weather ftt the time of taking them, eiuoo 
thie mftkes a material differenoe in the state of the lines. 

W« must now endeavour to explain roughly tha manner of 



removed, tho latter portion would dearly be the stronger, siaoe 
it has tho shorter dietonco to travel; by introducing a reeist- 
anoe, therefore, we can ascertain how much one exceeds the 
other, and from that we can oalcnlate approzunately the place 
of p. 'When this is done, there will protohly he tittle difficulty 
in tho line inspector ascertaining and repairing the damage. 

If aqy portion of covered wire or.instmments in tbe 
circuit either way, allowanoe must be made for the extra r^t- 
anoe caused thereby, w else tbe oaloulation will midead.' In 
any testing experiments the copper polg should always be put 
to earth, since a negative onrrent discovers a flaw mueh mote 
readily than a podtive ourrent. 
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OPTIOAlr INSTEtTMENTS.—III. 

9t HiaHIiKY, F.a.8., BTC. 

srAairosis fob sfbctaciiBb. 

To Mwerbun trimt fonn of lens is needed to oorreot the defeo* 
an vision of » patient, the optioion or oooliat most first deter. 
BiiM tamo natiise of the defect—whether it be preebjopie, 
myopio, or hypermetropie; and if tite person is not ^vnaoed in 
ymaea, great oare should be taken to osoertain whether or not the 
last ^eot exists, for by a faulty diagnosis great injury might be 
brought about through supplying unsuitable glasses. Again, it 
must be determined whether failing sight is due to optical 
defects of vision, or to those weaknesses of sight known as 
amblyopia and asthenopia, whioh are due to irritation of parts 
of the eye. 

First, he must determine the patient’s “ acuteness of vision,” 
08 it is teohhioally termed, by exercising the eye on Dr. Snellen’s 
*' Test Types.” These consist of oarefuUy-diawn, square, litho¬ 
graphed letters, whose limbs have a width equal to one-fifth of 
the letter’s height, snob being generally distinctly visible to a 
normal eye at an angle of S'. These letters are arranged singly 
or in groups, and of increasing size, with a number attached to 
each, to indicate the number of feet at which the particular- 
sized letters must be placed from a normal eye, to subtend an 
angle of S' for their height; and, further, an angle of 1' 
for the breadth of the thiok strokes, for determining “tlio 
min im u m angular magnitude of distinct vision ” (which is 
taken at' 1'). 

Those types range in size from the smallefft letters, to be seen 
at 1 foot, to 3} inches in height, to bo employed at 200 feet. 
Two diagrams ore specially designed for testing the acutonoss 
of vision at an infinite distance, tlint is, from 20 feet to 200 
feet—one having black letters on a white ground; the other, 
similar letters, but wl)ite on a block ground. To normal eyes 
these seem nearly alike as to distinctness; but should the 
white letters on a black ground appear more distinct to the 
patient, a diminution of aonteness of vision is indicated, which 
probably xesults from diffuse light, arising from turbidity (£ the 
refractive media of the eyes. The distance from whioh the 
test-types con be distinctly recognised should be measured 
from the surface of the paper to the temple of the person under 
examination. These letters ore grouped in irregular order, so 
that no help may be given to their recognition by juxtaposition 
with other letters, as would be the cose were words employed; 
while, on the other hand, to attain, if possiblo, more uniform 
distinotness, certain letters that might load to confusion with 
similar ones ore omitted. Thus every core is taken to ensure 
a perfect and independent recognition of these letters without 
any extraneous help.* The degree of acuteness of vision (V) is 
exprsised by the ration of the distance at whioh the le^r is 
actually seen (d) to that at whioh the letter is apparent at on 
angle of 5' (D). ^ ‘ 

V-S- 

It No. I. is distinotly seen at a distance of one foot, and 
Noi XX. at twenty feet, then d and D are equal, and accordingly 
it follows that j ^ 

OBt, in other words, there is normal acuteness of vision. 

If, on tim otiier hand. No. I. is only distinct at six inches 
from the eye, and No. XX. at ten feet, then d is less than D, 

T., 

1 SO 1' 

12 No. XV. can only be reoo^sed at a distanos of five feet, 
Jien we get tite following equation:— 


5 

■iv’ 


1 

' 8 * 


An fovestigatioa of fifil o asoi of emmetropio eyes at dlflerent 
ages gives the following results:— 


At from ten to twenty yean.T - 


M 


li d should bs gseaier than D, and No. XX. be thus visible at 
a greater distanoe than twenty feet, then the aeutenese of vftion 
is more than the acamal average. 

* An Ba^Uh edition efBaSUsn’s*'Test Types’* Is pnUUhed tMr tbs 
bsiifte 0 t ihs NetbsiiHUli Ophthalmia Kos^tsl, by Xessis. ’Wlfilams 
andXorgate. 


At thirty years.^ “ 20* 


At fifty years.V, 


'aT 

At sixty years. ^ 

11 


At eighty years.V 

siU 

So, it will be observed, the normal aonteness of vision decreases 
with age. « 

Besides these tests by jumbled groups of letters, the parson 
may be tested by reading in different-sized ly^, Imt snob ex¬ 
periments must not be identified with the recognition of isolated 
letters, for the reason previously stated; but in other respects 
reading is a more difficult test, ^oause tte letters of words, as 
ordinarily printed, are very close together, henoe more confusing 
for immediate recognition. 

For testing by reading, fluency is chiefly to be regarded, for 
witik a contracted or interrupted visual field reading is less 
fluent. It is obvious that this test oau only be tried on persons 
of fair education. 

Snellen’s reading tests are printed in type as nearly as pos¬ 
sible nniform with his letter tests, and the following numbers of 
his types oorrespond in height with the less scieni^o system 
of " test-types ” of Professor Jiger, whioh, however, havo been 
principally used in this oountiy.* 


No. I. 

of SnoUen’s = 

No. 1 1 

II. 


S 

III. 


7 

IV. 

»» 

11 

V. 


IS 

VII, 

ss 

14 

XVIII. 

>» 

18 

XXVII. 


19 

XXXVIII. 

•» 

ao 


A good series of reading test may be fwmed of short pata- 
’graphs set up in the following well-known printer’s types:— 
No. 1, “ brilliant; ” No. 2, “ pearl; ” No. 4, “ minion; ” No. 6, 
“ bourgeois ; ” No. 8, “ small pica; ” No. 10, “ pioa; ” No. 12, 
“ great primer; ” No. 14, “ ^ble pica; ” No. 16, “ two-line 
great primer;’” No. 18, “oanon;” No. 19, “fonr-line con- 
densed;” No. 20, “eight-line Boman.” An eye with normal 
acuteness of vision ought to be able to read Nos. 18,19, and 
20 of these types aV a distanoe of twenty feet; bnt a person 
may be so amblyopic as not to be able to read the largest of 
Snellen at any distance, hi sneh oases we may try wheilier 
the person is able to count fingers at different diatanoee, or 
whe&er he can distinguish light from darkness by placing him 
at six feet from an argand gas-flame in a dark room, then 
taming the light np and down slowly; or, if this faUs, from 
light to sndden darkness, and baek again. If the patient 
cannot distinguish between such extremes, he must be “ stone 
blind.” 

We must next test for ^e “range of aocommodation ” tbo 
patient’s eyes possess, by first determining the “ near-point ” 
and then the *'fnr-i»oint,” whioh may be expressed by the 
following formula:— 

Apr, 

in whioh p represents the (proeimate) nearest point of diet^ot 
vision, and r (remote) the farthest point of distinct vision, abd 
1 -f- A the range of accommodation. For this purpose we employ 
an optometer, whioh consists of a carrier for a test-plate, and an 
adjustable so^e that will give the exact distanoe between the face 
of the plate and the oomea of the patient’s eye. The teet-plate 
may consist of a paragraph sot up in or "Paart* i^fpo, 

whioh corresponds to Nos. 1 and 2 eff Jttger’s reading teete; or of 
a little frame, 7-8ih8 wide in the opening, divided vertleaUy into 
six parts by five fine black wires or horsehairs; or of a black 

* Cepios o< Jitter’s tsst-igTSS assy ba oMsinsd of tbs Bseretary at tbs 
Boyal Ophtbolmio Hospiti^ HoortUlda. 
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THS iBOBliKUL B^TTCiifOS. 


pieroed wiili Httie holea from l>20th to l>-0& of a line in 
diameter, behind wUoh » baokg^onnd of gnmnd-giaas i« placed i 
these rapidly emit rays, and lose their round form, if not perfectly 
foooased on the retina. The adjnstable scale may'be a winder 
measuring tape, the ring of which is looped on to the handle 
that snpports the test-plate; or it may be a ehoomaker’e rule, 
the fixed end of which is cut down and notobed to receive the 
patient’B eye. the test-plate being fixed to the eliding upright; 
or it may to a specially-designed piece of apparatns, oonsdsting 
of a giadnated brass rod, mounted on a firm telescopic foot by 
a shifting-hinged joint, on which a frame that carries the test- 
plate works freely np or down, and can bo clamped at any desired 
position by means of a milled-headcd screw. Wbatover tho 
arrangement, tho test-plate should, as Bonders has pointed out, 
bo moved steadily up to, or away from, tho eye under examina¬ 
tion, fur “ ordinary individuals aocommodate for their farthest 
point only, when '^oy actually look at a distant object, and for 
their nearest only, when they very distinctly see nn object ap¬ 
proaching, whose diminishing distance they meanwhile observe 
and follow in their imagination. Ibon, by the elTort actually to 
see the objott distinotly as long as possible, the greatest power 
of accommodation is oxoitod.” 

On sliding along tho reading-test towards tho eye, we soon 
find the nearest point at which the text can be read off. Witl) 
tike wire-tost, tho wires only appear sharply defined when tho 
eye accommodates itself perfectly to thorn ; directly there is a 
Aviation in this (the frame being too near or too far fnun tho 
eye), tho wires seem indistinct, thicken, or as if eorroundod with 
a halo; or oven donble-cqlonrod images of them appear in tho 
transparent intervals, as a white wall or tho sky shonld in this, 
test ho used as a background. The same may bo remarked in 
regard to the test-holcM, for they rapidly lose their round form 
and emit rays when the eye is not in perfect accommodation 
with thorn. It will bo readily seen that much depends upon 
the intolligonco of tho person under examination in appreciating 
the distinctness of tho wires or the sharp form of tho holes; 
therefore tho reading-test is, as a mio, the most readily applied ; 
for it is oftentimes absurd to what a distanco persons will 
maintain that the wires and holes seem well defined ; while, by 
moving the reading-test altomatoly neoror to and further from 
the eyes, we can readily aeooriain witii exactitude both tho near 
and »e far point of distinot vision. ^ 

If to tikis optometer wo add an arm fitted with a six-iiioh 
ofinvex lens, the far-point may to asoertaiiied in all cases. If 
for an eye (with cnispondod aooommodatiou) we .have to move 
the test-plate to six inohes’ distanco to soewe distinot recogni¬ 
tion, it is ekumotropie ; if nearer to the eye than six inches, it 
is Bkyopic i if fnrtluir off, it is hypormetropio. The syatematio 
enifit^inont, in the optometer iff Von GioCfe, of a convex Ions 
of only six inches focus, presents advantages over those of 
longer foci, as it brings the normal eye to a oondition that 
is very nearly myopic, and so in a state more favotimblo 
tar compariecu. By employing on optometer of tho kind last 
dasoribod, tho far o') and tho near (p'), thus fimntl, stand in 
m^oha relation to the patient's real for (r) and near (p) point, 
that tho rars coming from / uro refracted by tho loim ns if 
they proooeded from r, and those from p' as if thoy emanated 
from p. 

In normal vtte (with 6-imdi ponvex) ri woul.l lio .at six 
inches from . tho eye. for rays from an object at six iuolioa’ 
distance falling ou the lens would he tendered parallel by it, 
and would consoiinently impinge upon the eye as if they come 
frokn on infinite distanco or tiio normal far-point. Tho near- 
point Ip') would Uo at about three iiudies, for this varies ao- 
ijording to age- 

If (with 6-inch convex) Wo find the far-point (>-') lies at six 
inotos, and the nesr-point (j>') at tikrec melees, 



the ege Its thin Mnmetrapic., 

If (with C-Jioh convex.) f'p find that r' a* 5 inches, and p 'm 8, 
• = 

-‘Ito eye it then mpap'. \ foy 41 * idj»>ted tot the pormal far- 
pqtot (lix inohte), but fkir a bea^'flaij^e rays from iriiioh 
tmpiTise ill a divergent direction np<«k the 


If (with fi-inoh oonTexjvMi find that rim:? inehes, and p' — 3 
inches, 

^ 8 “ g- ‘ * 

the eye m then hypermoiropie, lot its fer-point Use beyond 
the normal far-point, namely, six hiohes. It has been otated 
above that these determinations may be made for on eye' 
with stispended acoommoAatixm. Kow in praetice this is tva&y 
met with, except in oases where the power of aooommodation 
is paralysed l*‘paralysis <tf accommodation,” as it is 'teoh- 
nioally twmod); but we have the power of producing sueh a 
state of rest artificially, by the appHoation of a solution of 
atropine (gr. iv. to ^) two hours prior to making the trial. 
As tho effects of atropine lost for some days, I need hardly say 
tliat the ordinary optician would not be justified in using this 
agent on his customers, and that its employment most bo 
confined to tho prootioo of tho modical oculist. Moreover, os 
decided coses of presbyopia and myopia are roadily determined 
by optical testa, it is only in caaoa of suspected hypermetropia, 
or for determining the whole amotknt of a patient’s hyperme¬ 
tropia, that atropine is needed. , 

Bnt when there is reason, from the form of tiio eye (see i>. 
160), together with complaint on the part of tho patient of oon- 
stont fatigue in tho organs of vipion, to suspect tho existence 
of hypermetropia, tlie optician may make the following trial. 
Try the patient’s eye on No. XX. of Snellen’s 'teat-typos, at 
twenty feet distance, or on a paragraph sot npintypeof thtasiae 

Canon 

If the eye is emmetropic, it will read this at the distanoe 
specified; and a hypermetropic cyo will most probably do the 
same, unless tbo hypermetropia bo very great, or Us accommoda. 
lion has been paralysed by atmpine I Now try the patient with 
spectacles giozud with 2U-inch lenses ou the same objeot at 
the some distanco; if tite eye is ommetropio, it wUl no longer 
be able to road tho test; while if it bo bypermetropio, it will 
read it with greater facility than before. 

In extreme hypurmotropia tlie eyes may not be able to read 
tlkC test with dli-inoh lenses, but can without them. Thus 
assimilating to the cltaractoristios of a normal eye makes its 
diagnosis by optioal teats extremely dillioult; but a snspioion 
of its oxistenoo should bo created wbetk fatigue in the eye 
is constantly complained of; and as the question must then bo 
settled by ophtlkalmosaopia indications, it becomes the duty of 
tho optician to direct Utn patient to consult an ophthalmic 
surgeon; for tho dioguosui and mode of treatment must be 
medical as widl us optical. 

In testing for tho range 6f accommodation, it is neoeasary to 
try both eyes of tho patient; for it will often bo found 'that the 
tw'o eyes of tho same individual may possess a difference in 
acoommodatiro power. In other cases wo may find that the 
near-point may be normal, bnt the far-point approaches nearer 
than an influito distance to the eye, which might be mistaken 
for an indication of myopia; or the far-point may be normal, 
and the near-point abnormally distant from tho eye; or both 
near and far point may have changed their normej position, 
and have become approximated to each other. 

"Wo may olso meet with a dislocation of oocommodation, 
without any diminution in its range. 

In making trials for the far and near point, we bear hk mind 
that in the normal eye its far-point lies at an infinite distance 
(symbolised by <•), so that psxsllel rays are united on tho 
retina when it is adjusted for its fez-point, while its neor-point 
lies at from four to five inches from the eye, though even a near¬ 
point of seven inches is not to be regarded aa snSoinntly 
abnonuol to amonnt to a defective state of vision. 

In testing for the near-point we may find that one piersoa will 
oloazly distingnUh the testiplato u close as three inohes, while 
another cannot do so nearer than thirty inches. This indioatea 
thatihe one has the power of inorooaing the oonvexity of his 
otystoUine lens by a qkiantity equivalent to a 8-hkCh gloss lens; 
while second eon only do so to On extent eqnivrisnt to » 
80-fnCh glass lens; and we soy that the aoeom'Diodbtibp of ^ 
first equals l-Srd, and that of the second equals l-30tik. 
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VWMhiU^D »{|A9IN«. 

Tbs giwt impoeiuioa oi Fna-hand Drawing to artisana Itaa 
alrea^baaninaiated nptm, and a few examples in this branoh of 
tbe snbjeet will be grren in this pact of one lessons in “ Teob* 
ri"^ ptewing,*' in c^er to show the kind of praotiqe which is 
deemed advishble for mabhinists and enfpneers. 

One werkmea hare laboured under the mistaken idea, that 
BO long as they oonld manage to measure and rule the linos 
from a copy with some degree of neatness, they were learning 
Meohanioal Drawing. Nor were the teachers of the period im¬ 
mediately preoeding the present competent to give them better 
instruotioD ; for whilst (jnalifled meohanioal draughtemen were 
not teachers, the teaohers were artists, bat not engineers. It 
was only when the Government Department of Soienoo and Art 
nndertc^ the syatematio training of masters of Schools if 
Art—in which not only onuunentists and designers, but arti¬ 
sans generally were to be taugbt—that this branch of the snb- 
juot began to reeeive proper attention, and was made a portion 
of the eertifiqate mumiuation; and not only is Linear Drawing 
by mee>na of instraments taught, but the artisan is shown how 
to sketch from objeets and to draw carves by hand; in foot, an 
enlarged view of the whole subject has been given, of which the 
fruits ace daily becoming more obvious. The early training of 
formgn artisans has in this respect been superior to ours; and 
in tite different exhibitions whioh have been held in this country 
and on the Continent, workmen were to baseen ^ith their note¬ 
books busily employed in oolleoting information, and sketohing 
the appiianoos oounected with their peculiar walks of industry. 
Such notes and sketches, however roughly done, must be a 
aouroe, not only of great usefulness, but pleasure to them. 

Dcawing, too, oonstitatos a aniTorsal language, which to 
artisans is a* matter of the utmost importanoe; for by its means 
they oan illustrate the form of an object in an infinitely loss 
period of time than by words, to persons who may not be able 
perfectly to understand the language of the country; in fact, 
in the >gords of Sir Joshua Beynolds, “ the j>encil speaks the 
tongue of every laud.” 

The maohinist must remember, too, that in making drawings 
from ootoal measurement, the instruments are not in the first 
instance employed. All the implements used ore the pencil 
and the “ two-foot rule.” The draughtsman makes a rough 
■ketch entirely by the band and eye, measaros the Tarious parts, 
and jots down the measurements in his sketch. After ty s ho 
reduces the whole to the required scale, and proceeds to make 
his moohanioal drawing. 

As the lessons proceed, the student will bo tanght how to 
draw from objects seen porspectiroly. In commencing, how¬ 
ever, the practice is confined to a few well-known objects placed 
BO as to present only one surface to the eye of the spectator, 
and which can thus be drawn as mere elevations. In the first 
instance tools hare been chosen, beoause the stadont is sup¬ 
posed to be well noquainted with their forms; thus, when he has 
sketched them, he will, as it were, bo able to oheok bis own 
work, and this may, it is hoped, lead him to try his bond on 
other objeote; he will thus gain power and conrnge, and will 
be gradually led on to attempt (and to snocood in) higher things. 

Drawing, in addition to its use as a nniversal lauguivge, is a 
means of rtrengthening the powers of observation, and, viewed 
In tids light, it is a stndy of the greatest importance to work¬ 
men. To “Itwfc of” is not necossarily “to obgerve ”—^the latter 
term implies a careful examination of all the parts of an object, 
an accurate study of the points in which they differ from others, 
ai^ their peculiar adaptation to their special purpose, In this 
drawing mateijally aids the stndent; foi^ as each line of the 
object is followed, and compared with others, tlte mind is led to 
appreciate forms which would have escaped casual observation. 
The srtisan will understand what is me^t by this anonracy in 
ehservhig kpedsl forms, if ha edlli to mind the diffhrehces 
whleh exist in even file esme tool, when edited for the Tarious 
bianehes of handieTafi. T»^i instanpe, snol a fimple tool 
as a haniiBer, and note vuiations in fratt hgtwm fiie 
joiner's hafamer, ^ fftisife hnnuner, the smith’s li&inh|Mr, &e 
wntohmnker'a hasptser, ete.; ahd it miu« he that 

dl the ffiffimenoM tlslble ate iff importeBde in' Ae'weilc in 
vdiioh the took are to be used. 


Fig. 1B4 is a sketoh of a pair at compasses, snifii as kcom- 
Bumly'aBed by machinists j it is here given, in order the 
ktudmt. may compare it with Fig. 25, page 68, whioh’ iapn^ 
sente the same inetroment used by the carpenter or joiner] find 
file difference will at once become evident. The metliod at 
drawing this object being in the main the sane as that already 
given, is not repeated here. The student is reminded, too, that 
even in the same bianch there are different forms of the same 
instrument—s°ch os the compass with a quadrant and thumV 
screw,' and, for finer work, the spring-dividors; ail have their 
peonliarities, and each will afford a eubjeot for careful study. 

Fig. 185 is a inaohinist’e screw-driver, which will affmd 
another study as to the difforencoe in form when compared with 
the joiner's screw-driver, gifienin page 48. In this subject, too, 
the horizontal centre lino A b having been dra'wn, the directions 
given in connection with 'the former subject are to bo followed. 

Fig. 186'repTOHOnta a pair of callipers. Draw the perpen¬ 
dicular A B, and the circles at the top. Next sketoh the curve 
from c to B, and adopt as a general rule that the curve on the 
loft side should be drawn first when another is to bo drawn to 
balance it; for if the right curve wore sketched first, the hand 
would cover it when drawing the other, and thus the balancing 
would bo rendered difiionlt. 

^ 'When ibis curve, then, has been satisfactorily sketched, 
draw a line, D, acro8.s the widest port, and from F mark off the 
length F B equal to f D; the curve a B may then be drawn. 

The inner linos to H and i are to be straight, and from those 
points the inner curves to the ends of the legs are to be drawn. 
It will bo seen that, although the callipers are open, it is advis¬ 
able to continue the curves in the first instance to B, atthon^h 
only wanted os far as J, K. 

PBACTICAB aEOHSTBT. 

A fair knowledge of Practical, Plane, and Solid Gkometry is of 
the utmost importance in mechanical drawing, in whioh the 
various constructions ore applied, and it is thereforo assumed 
that the student has worked through the majority of the figures 
in lessons in “ Practical Geometry appliod to Linear Drawing ” 
and “ Preqeotion,” which ore intended as stepping-stones to the 
present lessons. 

A few additional figures, however, bearing immediately on 
tho subjects to be delinoatod, ore hero given, and the student 
will find that the application of these and other scienUfic 
methods will not only enable him to work with greater oucuraoy 
than any empirical means, but will save much time and trouble. 

Figs. 187 and 188 show the liability to inaecuHwy where a 
straight line has to be drawn to touch a circle. In Fig. 187, 
owing to tho great radius of the oirole, it is almost impossible 
to say which is the exact point of tangent; ai d in Fig. 188 it 
will bo seen that, owing to there being no definite point at 
which to draw the straight line, it often occurs that it is so 
drawn as to cut off a i>ortion of the circle. 

P'ig. 189 shows two pulleys rotating in the same direotion by 
means of a bond wrapped round both. 

Now it will be olear that this band must touch the drolbs, 
without cutting off any portion of tho circumferences, and must 
thereforo bo composed of true tangents. 

Fig. 190 will remind the student that a true tangent is at 
right angles to the radius drawn from the point of tangont. 

Having, therefore, eeir off on a straight line, a b (Fig. 189), 
tho centres of tho two circles at their correct distance apicrt, 
and having dosoribod the circles, draw diameters at right angles 
to A B. These will cut tho circles in C 1) and E F, thns gi^g 
tho exact points whioh aro to bo joined by tho straight Hnos 
of tho connecting band. 

Fig. 191 —To drcao iaitfionU to a- circle from ei iioinf, A, lymf 
without it. 

Prom A draw a line to the contro of the circle, B. 

Bisect AB in c. 

From c, with radius c b, describe an aro cutting the o>r(|le is 
B and i. 

Draw A D and a x, which will be the required tanganhf t and 
it will be seen that the radii drawn from i> and B at r!|ht 
angka to these. 

Fig, 192 pkom the metikod of drawing tangents to two circles 
of diffennt'dis.meterB. 

I^tr a strait line fiornKfl; A fmd B of the 

iffrclei, 'Sod Freffuce iC 


THS SeiOHNXOAL BDUQAXOB. 


jDmw snx ndina ia attiur of tin oInIm, h ao. In iha 
Mocnd oirala, draw o ndiu, a d , poxollelio a o. 

From 0 dnw m hm ihct^h o, ntMtaf iht Um of otstrM 
in a: 

The pdnt a ii therefora “»point lying vititont tha oizole,’* 
bam wkieb it in ^nind 
to dmw n line vldoh ihnll 
teateaganttobatSioiroloi, 
liioTCfon pTOoaed M in iiie A \ 

lint flgnxi^Tii. /f -I - \ 

Bia^ tlw Bne joining a / \ 

and A in a. / y \ ' 

Etom r,with ndina TA, / \ 

dauribe on nro ontting the f * I • 

^ole A in o and h. Draw I | 

ndii AO and AH. I I 

From B draw the radii I / 

aiand B jpanllel to AO \ | / 

and A B. \ i / 

Then etreaght linea \ t / I 

drawn from a through ** \ \ I / / 

and H will meet the oirole \ \ j / / 

B in I and j, and will thus \ vl/' / 

be tangents to both oiroleB. \ i / 

Fig. 183.—^^niia figure \ I / 

ahowe a driving • band \ I / 

araeaed, by which means \ | / 

the pnileya are made to \ I / 

rotate in opposite dlroo- to ' ■« 

thms. j j 

Join the oentres of the | i 

oixolea by the straight line W ! s. 

A B, and draw diameters at 1 j 
right angles to this line, I { 

cutting ^ oiroleB in c, n | { 

anda,T. | I g 

Draw c r cutting a b ) j <-< 

in o. I ' iJP 

Bisect A a in B. I | m 

From a, with radius HA, I j 

desoribe an aro cutting tha I i 

oirole A in i and j. | | 

Draw the radii AI and I j 

AJ. j 

In tiu oirole b draw I i 

tha radina bx parallel to I | 

A I, and the i^us B l j 

parallel to AX I i 

Draw I Hand jXi, which, | j 

passing through a, will be | j 

tiw two linea required, j i 

each being tengontial to I I 

both oiroks. I [ 

Before prooeeding to the I | 

next lesson it may be men* I j 

tioned that the student I ' 

ahonld keep up the con- j I 

Bteitt psaotioa of free* | I 

hand ^wing, ainoe it is 1 } 

«aly by praotioe that any 1 1 { 

depee of profloienoy oan | | 

bo obtained. Amongst I I 

other eabjeatswhibhmi^t | I 

fnaish good praotioo tor I | 

free-hand drawing, are tiie I I 

foQowing I a riee, a hand* j j 

rioe, a hammer, a pair at I ! 

plyan, a pookabkiiife with ’^TT* 

oneef itaUedaa(q^;aad i wtL,2_lrtl 
than thesindaht is adrteed 

to try his hand on parts cf manhinse, as an hanger, a plnasmer* 
btohk, a OBsdt, a oona-pnllsyt eto. Many at these anbieets for 
stedy are to be found in the leoeona in “Teehnical Bnwing,’* 
«gi ibaao may aarreaegaidaBt bet in the preaent stage the 
wmtt is to be dona by frmbsnd 
Again the a teaen t is urged to iSwah rary Bghtly at first, so 
. ttathaniaylismanogipmiiiaityAf srriasrfaigUsdrMrtBgaaa 
sdhA bafbra''biag inj" bi mt tiUte taai^rab it oat and 


rspaat iho Bnla. Bi starting oaf aobjaet whicih, Ube the 
oaJlipen and oompasses, is equally baJsmoed, a Textioal Una 
shosdd alw^s be tewn. Kow, some persona hare from habit 
acquired the power of drawing horisontal linea more eaaily 
than uptight ones,’ and therefota tom the drawing-board in 

order to draw the line 
patallti to their ohest. 
This is a very bad iHactioe, 
and shoold be oarefnl^ 
guarded against in young 
peopla 

Nor ahonld the board be 
turned in drawing the 
object itself. Ihe left 
. eide should be drawn first, 

m and then balanoed by the 

1 right, as already desoxibed, 

V ^ The drawing ^ould then 

\ ^ be held up, and the faults 

\ in balaaoing will at ones 

\ become visible. It is best 

\ in sketobing, whether the 

\ form is to be regular or 

1 \ otherwise, to gene^ise the 

[ \ whole before drawing any 

I \ single part definitely; by 

I \ this means mnoh time is 

I \ spared, for the student 

J i, often, when he pursues 

Ts. \ • the opposite plan, find he 

1 has bestowed much care on 

1 drawing one portion of tha 

1 oY « subject, which when he 

comes to draw the rest, he 
I J\ finds too large, too small, 

I /\ or otherwise useless. A 

V 1 / \ few touches, scattered as 

\ it were over the papm, 

\ will, however, enable him 

1 N \ to judge of the general 

I \ proportions of the whole, 

1 \ and of the position and 

I \ space which should be 

\ \ oeoupied by the detsUs. 

I \ To do t^, it is best to 

I \ look upon the whole sub- 

1 \ jeot in the first instance 

. i \ as one mass, and having 

\ sketohsd this, find the 

\ points where it might be 

1 \ divided into two or three 

I \ \ smaller portions; not abso- 

1 \\ lately drawing the lines, 

I M bnt marking off the spaoes. 

I By this method room will 

I Y be found for all the parts, 

\ ^-***^1 and it will be easy to get 

■'"''■'’"j j all the proportions oorreet. 

I 1 Having tons generalised, 

I j some t>oint should 

S. I I next be deoidwl upon, and 

I / this should titan be 

\ i / sketched with eome care, 
X \ / ao that other parte da- 

\ 1 / paadeut upon it may be 

properly placed. Thue 

procea^ag, the minor 

I ^ detafle wffl follow in their 


It ia a good pJau tor 
artieaaa to repeat thtir drawing in ink with a bM pan, 
instead of ating tin pendl; ia deing thie tha pen maat not be 
praeaed on, ■■ in tim down-xtroksa to wiitiag, bnt the atiident 
mnet andeavonr to keep a fine eqnal line tbronghont. In eome 
eaeaa a fiat-waah of ooloBr may be thinly and lightly qtread 
avw the repreqfwrtetion of the objeet, iriikh pnotioe will in 
aeene dagne nxenare the itadant for the lesacoa to be given 
further on. 
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TECHNIdAt EtJtTDATION OK THE 
CONTINENT.—IX. 

BY suaa A. BATIBSON. 

TUB TSADE SCHOOLS 0? WUUTEMBTIKO i STATISTICS 
AND WOfiltlKO. 

Thu troneml i^Btotn of tho tnulo schools having been thna 
dwelt upon, some etatletise os to the attendance and teaching 
■toff will bo interoetiiig, ae showing the extent to which the 
IDopOlation avaii theinHeires of tho pp-eat odyantogea held out to 
Idiom. The total number of tho trado schools in Wnrtombnrg 
in 1868 (tho date of tho last roturns) was 185—viz., 102 in 
towns and S3 in villages, against 123 schools (97 in towns and 
25 in villages) in tho previous year, showing an increase of 13 
in tho number of schools—viz., 5 in towns and 8 in villages; 
united popnlation, 490,CJ6. Tho average attendanco of pupils 
in 135 schools is 8,352, of whom 6,583 aro under, and 1,819 oro 
above, tho ago of sovontoon. Tho number of groups into which 
tho bade Hcbools are classed is as follows .— 

1. Trado schools holding classes on Sunday evenings 

as well 08 on the evenings of tho week, and in. 
which a drawing school is open all day; viz., 
Stnttgord, Ulm, llcilbron, and Iteutlinguu . . 4 

2. Trade schools (Sunday and wook-day evenings) in 

which there are trade but not commercial olas8C^■, • 
but still drawing schools open all days viz., 
Eszlingen, Ludwigsbiirg, Gmiind, Tubingen, Can- 
statt, Hall, Ravonsburg, Biboracb, Bottonburg, 
Kirohhoim, Itottweil, Calw, Ellwangon, Ehingen, 
and Goislingcu.15 

3. Trade schotds with evening classes on Kimdays and 

wook-days, but without separato drawing schools 
(63 towns and 23 villages) . . . . . 85 

4. Trade schools with olassos only on tho evenings of 

Week-days (G in towns and 2 in villages) . . 8 

5. Drawing schools only (14 in towns and 9 in villages) 23 

135 

It must bo toniarkcd that by tho “ drawing classes” ore not 
meant tho “Schools of Art,” which aro separate institutions, 
which although they give technical instruetiou of a high cha¬ 
racter, cannot bo treated of in tho ciroumscribod limits of those 
papers, and are therefore reserved for futui'e consideration. 

Tho number of teachers in tho 135 trade schools is 489; or, 
on the average, 1 to each 17 pupile. The eoxjarato classes arc 
attended by tho following numbers of ]>upils:— 

Arithmetic, 4,292; free-hand drawing, 3,951; German lan¬ 
guage, 3,819 ; trade drawing, 3,157; goomctrical drawing, 
l,9c9; book-keeping, 1,264 ; x>lano geometry, 1,031. 

Tho following table shows tho number of pupils and teachers 
in 21 of tho priuoipal schools:— 



rupils. 

TeiicbcrB. 


Pupils. 

Toacbers. 

Stnttgard . 

. 1’.17 

CO 

Metziugeu . 

. 130 

4 

Ulm . . . 

. fJB 

22 

Anlcn . . 

. 08 

e 

Ucillirou . 

. 247 

12 

(iJppingeu . 
Caiistatt 

. OG 

7 

BilMmcb . 

. 222 

12 

. »4 

7 

Bentlmgcu 

. 210 

1C 

Stuilgau 

9t 

8 

l,adwigt<barg 

. 100 

1» 

Hall . . . 

. 04 

8 

Savausburg 

. lot 

1C 

Eurtingen . 

. 

3 

Euliugi'u . 

. 182 

1.5 

Ellwa&gcu . 

. 8.8 

3 

Frendnuitadt 

. 154 

.5 

BotU-iburg 

. 88 

5 

OelsliBgon . 

. 104 

7 

Hottwcil 

. 88 

' 0 

Heldauueiin 

. 1(1 J 

4 

TuttUugou , 

. 88 

4 

OmUud. , 

. 101 

5 

Eliingau 

. 83 

4 


In their annual report of the working of the trade schools, 
the Boyal Commissioners say, that whilst testifying to tho 
satisfootory working of tho whole system, they are espeoially 
happy to see the position taken by drawing and modelling 
(daues, and their influence on the industries of the oonntir. 

The system on whioh drawing is taught is calculate to 
•duoB all the power, and to awaken tho interest, of the pupils. 
Drawing from casts Is studied at the same time as meddling 
from copies, tho pupil tihni obtiuning sound notions of the 
nlatiun between the “flat” and die “ronnd.” In both coses 
> ths. student works to a different soale to that of tho work he is 
^Yspiodaoing, and thus his ideas of proportion are developed. 

Although the greatest tact is exs^sad by the teachers so 
tiilit tim maanat powers andtlM .ladital gHuqi of the stndents 
BBt be overtaxed, and so timt diseonmgsatent txma failnre 


my «et e&ene, still every in^tos is to progress, and 
every indnoement to work ie held out; thns, whilst idle or 
wUfnlly negligent pupils are dtooissed, tbs utmost oaare is 
exerci^>3o that a pnpil whose mihd dues noil tarn to-ony one 
study may be direct^ to another; and even if rathw below 
the standi^ of the other pupils, he ia placed amongst snob as 
ate willing and able to help him npwaid; the system of men 
being mutually helpful being acted upon with every snoaoss. 

The work aocOmpli,shed by the tegn^ art eohools (or such of 
tho schools as possess special drawing Schools) is being emulated 
by numerous others, and it is h^ed that the residts will bs 
exhibited before long. Tbo old-faebioned system of allowing 
a stndont to work many months at one subject requiring 
only manual skill—such as finely shading a drawing from a 
large oast with tho chalk-point—^is discouraged; and whilst the 
projection of shadows ia taught on the most ooneot scientifio 
principles, the more exocution is carried ont boldly, and in a 
brood manner. Drawing from memory is much practised, and tho 
students ore tangbt to carry out a design, the details or natural 
type having been previously studied. On tho whole, therefore, 
drawing becomes a mental rather than a merely manual exercise. 

The travelling library, containing nOt merely books, bat port¬ 
folios of engravings, which ore circulated amongst the schools 
who apply for tho loan, is a source of continual pleasure and 
inspiration to tho pupils, who by reading of tbo works of tho 
groat masters, and studying illustrations of thoir mastorpiocos, 
see, and are led to think, that “ what man has done, man can 
do.” In old-fashionod “ copy slips” used in English schools, 
tbore used to be twp trite sontenocs which sadly puzzled boys ; 
tho one commencing the alphabet started with a capital A in 
tho most oxtonsivo flonrishea, and it said, “ Attempt not im¬ 
possibilities.” Hero, then, was tho bane to all youthfnl aspira¬ 
tions ; but in order to introduce the capital B the antidote came 
on the next page, “By attempting impossibilities men ouoomplisb 
possibilities ;" tho quosticn, howovor, as to what was possible 
or impossible, was left undecided. Tho copy on W was simply 
“Write with care.” Tho sentimont above given, “ What man 
bos done, man can do,” would have given some clue, though not 
a complete one; for what the great men of old did, they ‘did 
by dint of labonr, method, and sclf-cultnro; how much more, 
therefore, can our youth be expected to accomplish with oppor¬ 
tunities such as ore now at thoir disposal! 

It is, indeed, satisfactory to know tliat in regard to the loans 
of books, pictnrea, etc., we ore carrying out a similar system 
in this country, and that the most valuable and unique wuri- s 
lira circulated from the magnificent museum and library at 
South Kensington to such schools of art as make arrangoinents 
to rcoeive them, and enter into tho proper guarantees for thoir 
safe keeping. 

Tho means for public instruetiou in Wnrtembnrg are so voiy 
numerous, that it is impoasiblo hero to do more than mentiou 
tlio various institutions. Amongst these may be named—The 
Universify of Tubingen, in which the enrrioTdum of education 
is of the widest oharaoter—liteimy, doasical, mathematical, 
medical, snrgical, theological, philosophical, chemical, etc.; the 
Agricnltural School, comprising all the branches of knowledge 
comprohonded by that term—farm management, farm buildings, 
gardening soience, tho commoroial arrangements of farm land, 
measuring and valuing, ogrionltanil botany, chemistry and 
geology, ete.; the Veterinary Sohools, with thoir concomitant 
ooursoa of instmetion; tho Polytechnic School of StuttgUrd, of 
a choraotor similar to that of Hanover, already dosCribedi the 
Building School at Stnttgard, of which an oeoount wi>l be pre¬ 
sently given; the Schools of Art; the “Beal” Schools, for 
higher And extended education of middle and upper oloases; the 
Pnblio ^mory Schools; Industrial, Blind, and Deaf and Dumb 
Schools etc. All show the deep sense of the responsibilify 
which tto enlightened Government fed for the welfare of tiie 
people, iund of &e duty they repognise dh incumbent spon them 
to provide a full and practical education for all claaqes of the 
oommUni^; but this is not all—^ihe great educational sobome ia 
not a new one; it has now been going on for many, many yearU, 
each year only showing further development, It is elcar, then, 
that tiie antiiorities would not go on adding scihoola and assist- 
oaoe ]f they were not demanded by the^ieople; nor would the 
numerous institutknia 1M kept np, were th^ not found of nae 
valoe; the plan being, ah hoaolrwwiy been aet forth, to aaaiat, 
bat not to onpereeda, looal amrt. 
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like jntfpwe, -teArefore, of titoao papon ia to ahotr to ottr 
people -what i* ttaaig done abroad, not matol)'' aa “b t^e thnt 
ia told,” bttt to urge <m them the neocaaity of a amted effort; 
fiiet, to arail toemaelTea of aaoh opportunitiea aa already exiat; 
aeoondlyi.to ehow by their attendanoe and numbers that they arc 
willing to' reomve inatruotion, and to bonofit by it; and, thirdly, 
to demand a further development of the germa, bo that every 
working man in thia country may be able to obt^n the inatruc- 
tion wUoh he Hnde neseaairy for hie npoeial branch of iuduKtry. 

We Will eonolnde our notioea of the excellent technical aohoolB 
of Wurtembnrg with a brief Ueeount of 

nui! SCHOOL or vitAo'JMoAi. buildino at btutuoakd. 

The object of tliis aehool is to give a thoroughly Byatcmalic 
odneation, in the acientific principles of their trades, to the fol¬ 
lowing claBsea of persons engaged in the building trades ;— 

1. SkUled artisans, masons, stone-carvers, earpciitore, ote. 

2. Builders’ clerks, including clerks of works, Burveyors. 

3. Sluice and mill builders. 

4. All trades of which geometiy forms the basis. 

In tlio general working of tlio school there are couise>, of 
iiiBtruotion adapted for idasterers, bricklayers, tilers and slaters, 
millwrights, meohanic.s and iuck.smiths, carpenters, glazier.-*, 
plumbers, turners, honso and room p.aintorM ami ducoraloi .j, 
ornamental carvers oaul modcllor.s, engravers, silver and gold 
workers, gardeners, and all ^ther tradc.s, in fact, dependent 
on drawing. 

Tlie workuig of tliis school is carried on throughout tho ycai” 
and tho work of csch half-yi-ar is clivided i^lo five courses, so 
tliat tt studout has tho opportiinilv of attending all the* com-HCs 
in one half-year or tho other, of t-iking some in one lialf-ycnr 
and some in the other, or of attending both. 

Further* Rtinlcnto who, on eompIcUng tho whole of Ihn 
courses, wish to continno tho study of urclntcclnral design and 
building eonatruotion, are perniitliMlto remain for that puriiose. 

The Etudciits who re.illy intend following any branch of i.ha 
building trades are not only instrnclcd in theory but proetii o. 

Tl^oro are workBliops attached to tho school in which manual 
work ia taught, but only such branches arc tliorc carried on as 
are not proctiBod in the locality, or are insufficiently knowii. 
Visits are oonatantly paid to large works in the neighbour¬ 
hood. 

Tho school ia divided into five soetions :■ 

let Claas. Thia class is iiiteiided for pupils who have received 
their jirovions odneation in a j>ari.sh Bchool, or who, although 
they may have attended any other schools, luivo not ooqnii-ed 
sufficient knowledge to permit of their entering any highi'r class 
in tho Bohool. The Hubjccts of instruction arc German, hVoneh, 
history, geography, writing, arithmetic, clemcntaiy geometry, 
free-hand and goomolricul drawing. 

2nd Clttsa. Advanced Gorman, If'i euch and writing, geometry 
and stereometry, algebra, building drawing, drawing for builders, 
Qothio architecture, ornamental drawing. 

3rd Class. Natural hiatory and physics, doacriptivo gcomeb'y, 
trigonometry, practical geometry, orchiteotural drawing, orna¬ 
mental drawing, architecture, bidlding conatruction. 

4th Class. Mechauies, applied practical geometry (including 
stone-cutting), the projection of ahodows, perspective, archi¬ 
tectural and ornamental drawing, building materials, arohi- 
tectUro, building construction, practical bnUdiug, tho implements 
and mechanical apparatus used, arraiigemonts fur warming and 
ventilating, architoctnrol styles, the conati-uction of roods and 
railvniya, specifications and tho cost of buildings, rbral orclii- 
teotnro, practical mathematics. ■ 

Bth Class. Architectural designing and oonstniotiou of work¬ 
ing drawings for building puriJOSoa, oppliod matlicmatics and 
physics, oonsiderations as to sites, account koox>ing, etc. 

There ia also a separate section for the speoial instmetion 
of “ geometers” (i.e., all other trades or pretfossiuns in which 
geometry forms the basis), a aohool of hydraulic arohitoctnre, 
sad a (dasH for the study of machinery. Visits are paid to 
worimhops and buildings in oouraa of erection, and excursions 
ore mode for the purpese of prootiaing land-surveying. 

The students ore olaissed as ordinmy an^ extra-ordinary, the 
former being oh attend the entire course; while the latter 
ioe euoh os attend othmr eehools, or ore already engaged in 
trade,' and who enter for oertain oonrsea only; the admission 
these depends oh the TocanoiM in tho tegular scdwol. 


BtTILDINa COITSTKUCTION.—IX 

ABOHns (eontinnod). 

Wb now cotno to the square-Heodod window (Pig. 63), referred 
to in the last lesson. 

Draw a pvrpcndicnlar. A n, and at tho point c draw a hoft- 
zontal lino; tho point c i-eprosonting the height of tho top Mad 
of the Kill from tho ground, or some fixed horizontal lifie, snoh 
na a string course. 

On each aide of c aot off half tho width of the window. 1 > and 
E; and at those points erect poi'iicudiculars of indefinite luight. 

Now as tho whole height of the jamb is to bn thirty bricks, 
tiikc tho height of ten brioks, or any other mnltiple of thirty, 
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and set it off on the xierpeiidionlar i>, ns many times us may bo 
required; then subdivide each of theso spaces 10, 16, etc.) 
into the proper number of bricks (thia ia more ocicnrato than 
to act off the bricks sctjorately); then frtim the highest point, 
draw too horizontal t a, catting the iiorpcudicular in i. This 
will oomiilete the oblong for the window, and too lino p a will 
form toe intrados, or soffit, of too square arch. 

Now it has already boon stated that the “ skew-back ” usually 
inclines at 60”; therefore, on f u construct the equilatond 
triangle v a u, and prodnee toe sides beyond v and <3. 

Thd height of a gauged aroh must bo somd multiple of 
height of one brick, oU the flat with its joint—^viz,, toree or tone 
. oourses—^in this instance toy four; toereforo, draw at that 
I Hei' ht the line K L, which Will give the txtrados at too atok 
. IDet off on each side of toe central poitpendlcular on the 
eetrados half tho thickness of a brick, and then fill up the re- 
i maining portion of the Hue on each side with, tho widths qf 
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hrioka. From Moh of tboM poiato dnw linM to n, wliieh will 
dhido the genenl form of the arch into a number of wedges. 

will oompkte the straight areh. As the whole thiokness of 
Buidi an aroh, reokoning it obliqudy oooording to the bnea of the 
jointa of the aroh brioln, and which therefore varios according to 
the situation of those joints, 
oaanot be obtained from one 
briek, the depth is usually 
made up of two pieces. But 
the lunrhmntal lines, x and n, 
an not the real joints, but 
false onesi marked for effect; 
the real joints arc not hoti- 
lontal, but perpendicular to the 
oentro line of the briok. The 
real joint soon becomes visible 
wh«i time has changed the 
oedottr of the bricks. 

Having done this, through 
the points of division in the 
aides draw horizontal lines, 
which may be carried over to 


right hand press on tbo'blade, to prevent it rising at the middle 
or distant part. Where tluB occurs, riie pencil or pen^point ja 
liable to travel out of the required track. It ia advisable to 
mark off with oompaases on the last window, or on a line at the 
extreme right of &e board, a few of the peifatts, such as D 6, 

D 10, etc.; these will act as 
guide-points, and will serve to 
bheok the work. The rest of 
the window will be completed 
by marking off the whole bricks, 
I^ves, and closers, and drawing 
the neoessaxy vertioal lines. 

It will be seen that in this 
window the stone sill oooupies 
the height of two bricks. When 
this has been drawn, tiie num¬ 
ber of courses of bri^s under¬ 
neath may be added according 
to oiroumBtanoss. 

iig. 67. shows the plan of the 

same window. If the elevation 
is to be projected from a given 



the other aide; in fact, ft th«o are eereial windows, or oven 
if the oonrses axe to marked, they may be carried along 
the whole elevation, and will aave all the tronblo of repeat¬ 
ing the measurement. A praotioel hh)t ia, however, neoee- 
Bsry, in order ito seoure aoonracy ia this operation. First, bo 
very Carefnl that yiur T-equaro is hsid tif^y sgainst the left 
qdge of your board, and as you move yOur per^ ahmg, let your 


plan, this must be flrdshed first: and perpendiculars raised from 
o and F, wbiob will give the width of the window. 

Fig. 6S is a study of the front slevation tA a window, the 
head of which is forrosd by u segment arch, ganged. The 
general fonn of the apertnre, and the courses of bricks, the 
ete., will all be done by the method shown in the former 
subject. 
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Tha centre hevinf been fixed at o, draw ndii fh>m it toaoh- tide is not so; and as its thmst wili be obluitialy oatwacds, theta 
iag the imposts l, l. The position of the centre viU, of conrse, will be the tendency to force the wall ont of the perpendUnilar. 
depend on the swe^ or cnrre which is to oonstitnte the iniracZo* Semi-dronlar and elliptioal arches are not, however, t^en 
of the arch; for, of coarse, the lower the centre be plaood, the to this objection, as in these the thrust is more directly 
long^er will be the ladhis, and hence the fiatter the arc. downwards. 

Now set off D X equal to the intended height of the arch—in Fig. 67 is a semi-elliptioal arch, usmg the term in aa op- 

this case 12 inches; with o x as radios describe the ertrados, proximate sense, for it will be remembered that, strictly speah* 
ai^ on it set off the width of the bricks; ^t is, the length of ing, no portion of on ellipse is a port of a circle. The figiwe, 
their glwrtest edges. From these points draw radii to the centre, however, shows the form adopted for general purposes, and the 



» 


which will pve the wodgo-likc divisions in the arch. Divide construction of such an elliptioal figure will be given in a futore 
these alterwtely into brick and half-brick, and complete the lesson of “ Practical Geometry applied to Linear Drawing." 
rest of the brickwork and siU. The span and rise—^that is, the long and half of the short 

Fig, 66 is the back or interior of the same window. Here it diameter—^being givmi, oonstmot the ellipse, and another parallel 
wQl be seen that the arch at the back is formed of turn rings of to it, struck from the same centres. 

half-a-briok each, worked as roitgh arches; the lower portion of Set off on the outer curve the sizes of the bricks, and then 

the width of the gauged arch is thus Isft, and forms the revel the radii are to be drawn to the centres from which the arce en 
(or reveal). This elevation shows also the ^oeitions of the which they are placed are struck. Thus aU those between A 
wood-briobs for the attachment of the woodwork. and x will be drawn to the centre o, whilst aU those between A 

Segment arohee ere not deemed advisable in the elevatione of and d and x and x will be drawn to t and o. 
detaobed or ootnet bouaes, for althougb they may be safe aa This subject will be further treated of when the eonatmotioo 

far as the middle arches are oonoerued, since the thrust of each of stone arches is described. 

oounteraets the other, and they receive mutual support fnnn the Fig. 68, taken from im excellent German example, ehowe the 
pier, which ia common to both, yet in ro|ard to the outer aroh nniou of the etraight with the segment eroh. 
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OHEMISTET APPLIED TO THE AHtS.—V. 

BT axdBas oLADSToirx, 

CAI.ICO PBIKTIKO (conltnarf). 

Tbs stylo of printing describod in tbo previona leasoii Wktes 
cxclauToly to tbe pi-odaotio» of a patt^ni in one cc more oolonra 
u.'oa a white groond. There arc, however, a variety of other 
ottects which it ie dcalrabJe to prodnoe, that either call for a 
modification of tho plan which has been detailed already, or for 
tbo introdnotion of froah procoeeoii. These mnet now ooonpy 
OUT attention. 

In many finiebod goods tbe pattern is whito or tinted, whilo 
tbo ground ie coloured. Thoro are varione ways of produqiug 
tbie offoct. Wo will take first a whito pattern upon blue. A 
resist, as it is termed, eomimsed of acotato and snlpbato of 
copper, tbiokonod with gum and pipeclay, would bo printed 
upon tboso }iortions which arc to remain whito, and tho cloth 
W( nld than bo suspended in a rather moist atmospbero fur a 
coup 0 of days, to secure its taking thorough bold of tho fabric. 
It may tboii bo dyed in the indigo vat in tbo nsual way. Tlio 
porti jns covered by tho resist arc preserved from contact witli 
tbo dye, and tlio copper sails oontaiued in it act as u double 
preventive, by also withdrawing tbo lime from tlio solution of 
indigo which conics into contact with them, and which is ueccs; 
rary to its sulnbilily, thus producing an insolublo compound on 
tho oxterior of tho resist, which is subsequently easily removed 
by washing. Sulphato of r.ino is snmctinics preferred to the 
salts of ooppiT; it produeo.s tho same result, by causing tho 
oxidation of tho indigo, and thus rondering it insoluble. 

A yellow pattern upon a blue ground would bo obtuinod by 
printing tbo cloth with a resist as before, and then dyeing tho 
cloth in t'.ie indigo vat; but in this caso tbo resist must contain 
nitratoof lend, as we.l a.-) tiio copper salto and tbo usual thicken¬ 
ings ; and after having horn dyed tho c'oth must be dipped in a 
weak solution of bijhrouiato of potash, when tlio chromium will 
combi' c with tho lead in tho resist, and prodneo the yellow 
colour in tho pattein which is duo to ohroniaic of lead. 

Tho v.'gotalilo colours described in tho last lossou may bo 
printod upon a oloth which is to bo dyed blue by indigo ; thus, 
a pattern in rod may bo produced with madder, by adopting 
the following prccoduro. Tho resist most contain alum and 
ether morrlauis, us in dyeing Turkey rod, mixed with gum and 
pipeolay fur thickoniug; and tho pattern be printed with it 
on tho cloth in tlio usual way. After being loft to age for a 
oonplo of days, tho fabric bus to lio jiassed through tho indigo 
vat, which will furnish the necessary grounding, then dunged and 
‘dyed with madder, and finally brigbtepod with bran and soap. 
It will bo readily seen from tlioso instances that almost any 
oombinations of colours may bo produced in tho pattern witliont 
affecting tlie blue grounds; just as any number of oulours 
may be printed on a white ground, by making a proper selection 
of the ingredients composing tho resist, tho indigo having no 
effaot upon the ports so protnetod, while, on tho other hand, the 
dyes used fur the pattern will not permanently fix upon any 
portions but those impregnated with Uio appropriate mordants 
and alterants. In dyeing tbo ground, however, it is not usual 
to immerse tbo goods in tho indigo vat ns doscribed in Lesson 
II., but moruly to pa.sa them through tho vat oueo, by carrying 
them over a sm-ics of rollers passing under the liquid, during 
tho oourae of which they got sufiicicntly, impregnated witli tho 
dye for this purimse. 

It may be desired to produce a pattern in white, upon a 
ground of some oiher colour than indigo blue, and One that can 
only be fixed by a mordant. The resist will then be mode of 
gnmand p^peelayi mixed with lime-juioe or other acid ingredient 
which he capable of combining with the mordant so at to 
produoo a soluble compound. Btteh a reaist will effectually pro¬ 
tect those portionii of tihe oloth printed with it from the inm 
and aluminous mordante used is djriiag with madder wid bther 
vegetable co'oun. Tinted figure! mag aim be prodnoed with 
such groundings, by inriuding tiie Mite of ttai in the resist. In 
these cssu the nnud prootesef of mordanting, kfeing, dunging; 
and olcaring will have to be gone through atem Uie reServte 
have been printed with the mtirt. 

yft meat now ooneidar a totally diAirant plan of attaining 
the name result, and one whiuh in adopted iu ma!^ large woths. 
Inatead of preserving the patina horn the intnenoe of ^ dye 
b/ uaw si Eoristl, it goasiate k d^'rtBg pigvtioM at ^ 


doth of the odour they possess, in order to produce a pattern. 
This' is teohnieally oaltra discharging. It is the ^ery opposite 
<ff the preoOding operation. For this purpose the us^ bleaoh- 
ing agents are in requlsitign, but they have to bo differently 
applied, as their aotioh has to be limited to those spots which 
ore to constitute tho pattern. The Ordinhry process of bloaoh- 
ing by chlorine is, oomparhtively kpeaking, a dow one, but it 
can bo greatly expedited by tho addition d an acid to set free 
the chlorihe contained in the bleaching-powdor. A piece of 
goods uniformly dyed with madder in thO usnal way eon have a 
pattern printed npon it containing an a«id discharger, and on 
immersing it afterwords in a solution of chloride of lime, the 
parts printed with tbo discharger will be bleaohed by the 
chlorine set free by the acid, before the liquor vrill have cxer- 
cisod any approoiable effect npon tbe portions not so printod. 
Tho operation is, of course, stopped the moment that tho pattern 
has been properly developed, which ordinarily will not ocenpy 
more thou two or throo minutes, on which account it is found 
most convenient merely to draw the cloth throngh the liquid by 
passing it between squeezing rollers. After passing the second 
pair of these it goes into the dash-wheel, in order to bo 
thoroughly washed. 

Another plan of applying the bleaching liquor to cortoiu 
portions of tho surface is largely adopted in printing handker¬ 
chiefs in imitation of the Indian bandiuias, in which the aid of 
powetfnl machinery is brought into ro(]nisition. Hydraulic 
presses are employed, which convey motion to two plates, an 
upper and an nnder, which are perforated witli holes exactly 
corresponding with thi spots which are to bo bleached. Upon 
tho lower plate a number of pieces of Turkey red cloth arc laid 
very evenly, and it is then raised by the hydraulic pump until 
it presses against tho nppor plate with the force of abent 300 
tuns. TIio bleorhing liquor is then poured into tho interstioes 
in tho upper plate which form the pattern, and passing throngh 
tho cloth and ont by tho corrcsijonding spaces in the lower 
plate, it onrrlos with it all tho colom', whilo tho rest of tlio 
cloth is preserved from any action of the ehlorino by the 
extremo pressure put upon it. The action of the hleachtng 
liiinor is accelerated hy mixing with it some sulphuric acid, and 
if a strong solution is used the ehlorino is forced through by 
artificial pressure. As soon as this xirooess is accomplished, 
pure water is passed through in the same manner, in order to 
wash away the chlurine. If, instead of a white patiem, one of 
some other colour be desired, it can bo commnnioated without 
removing the goods from tbo iircss ; lint when tb'o whites are to 
bo filled up with some parti-coloured device, tho hand-block is 
generally used for tho ]>urpusc. 

When a discharge is to bo (irodnced upon an article dyed 
with indigo, chromic a>';M is used instead of chlorine. The 
plon adopted is as follows:—'ITio surface of the blue cloth is 
padded with a solution of bichlorate of potash, by passing it 
nnder a roller the lower portion of which is immersed in tho 
liquid, then hetwoeu the drying rollers to sqnecso ont the 
excess, and afterwards throngh a hot flue; it is then printod 
with a discharger ordinarily mado of oxalic and sulphurio acids 
thickened with starch, and immediately washed in water con¬ 
taining a little ohaJk. Tho acids oontoiimd in tho discharger 
combine with the potash, leaving the chromic odd free to act 
upon tho indigo, and so depriving tho latter immediately of its 
colour. Tho cloth is then thoroughly washed in the dash-whcol. 
If sumo of tho salts of load ho added to tho discharger, a yellow 
instead of a white pattern will bo the result. 

In cases where dyes are employed which teqoiro the presence 
of mordants or alterants, the dischargers are used before dydng 
instead of afterwards. The object then is to annul thd effoOT 
of tho mordant, so that at the imbsoqn'ent proces! of dyeing 
the oolonring matter shall not take perinaheut hold of ihoM 
parts which are to remain white. Hie mqrdftnts genetolly 
'• for T^pitablo dyes—altlm and tho soltit erf iron—arS best neutra¬ 
lised fay Hme-jtii«fo, tartscrie and oxolio adds, thickened ih the 
nstiai maimer, ^ 

Mineral eelomw ate nsnally discharged Ih thd samh vtey u 
tho mordants above described; and fay ncatid of tho temh adiM, 
the rtedt being that thfi tedt of ihg metkl iktCril intC coififal- 
natibn iHtit the acid, fiwiiilttg a oOihpdtind which in eomC in* 
I stanoes !■ ooloarless, and in others can be removed by tirashfai^ | 
in dther eate the desitod effhet is equally attained. If FriMdaa 
bine is the colouring material, the oloHi must be first printed 
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with a puito made with canstiu alkali, and then inunoiiBed In 
ozalio ac'id. The process already described in dyeing with this 
colonr will then be revorsed on these portions of the fabric, and 
the resulting oemponnds will prove removable by washing. 
Sometimes, howevej;, it is the object uf the dyer to combine with 
the dieoborgor other aubstanoos which shall act as mordants 
for colours to be subsequently applied; thus the protocblorido 
of tin may be used to decompose a brown produced by man¬ 
ganese, and at the same time form a moidant for such dye-stuffs 
as qnm^tron or logwood; and further oumbluationa may bo 
mode, each eeveml discharger being applied in succession by 
a different cylinder, so ns to produce at the subsequent dyeing 
so many different shades or colours in the pattern. 

There is again another process for printing a pattern in 
various shtuloa of bine, which is a modification of tbo ordinary 
modo of dyeing with indigo. It is only applicablo to tliis par- 
ticolar dye, but is, nevorlholess, of suiiiciont importance to 
warrant a detailed description. Instead of converting the blue 
indigfo of commerce into tlio wbito soleblo indigo in tbo vat, 
and then working the wholo piece in the liquid, wliicli would 
prodnoo a uniform depth of colour throughout, the indigo is 
printed on the material in its bine state, and is afterwards dis¬ 
solved. Ily this 'moons a permanent iiguro in bb.u can bo pro¬ 
duced upon a white ground, and, by varying tbo strength of tho 
composition communicated to it by tho cylinder or block, any 
required shade or any number of shades can bo obtained. Tbo 
oomposition used for this purpose usually ooutain.s about equal 
weights of indigo and snlphato of iron, ftnoly ground, and mixed 
up into a paste with a varying quantity of gum-water or starch, 
according to tho depth of colonr roijnirud. fiomotimos tho 
acototo of iron is substituted fur the sulphate. As tna'iy ]iastcs 
of different strengths ns may bo wished arc printoil from sne- 
ooisivo cylinders upon the white cloth, an<l it is then hung up 
to dry for about a couple of days. Threo vats are then pro- 
pared, tho first containing un aqueous solution of limo, the 
second of snlphato uf iron, and tho third of caustic soda. Into 
these vats tho cloth is dipped in tho fo lowing order—into tbo 
limo and iron twico alternately, then into the soda, next into 
the iron and limo twico alternately, then again into the iron, 
and lastly into the soda. Each dipping should oconi)y ton 
minutes, with on interval between eaoli of five minutes, to allow 
for the solution draining off. Tho oxide of iron which will bo 
deposited on the goods during thoso immersions is got rid of by 
passing them through a bath uf dilute sulidiurio acid, after 
which they nro well washed in pure water. Tho materials 
employed will bo soon to be nearly tho same as thoso used fi.r 
dyeing in tho indigo vat, and the result is diio to tho same 
ohomical action. At ooch immersion in the lime-vat a certain 
portion of tho snlphato or aoctate of iron is decomposed, and 
an equivalent quantity of tho indigo rondcrod soluble, which 
then enters into the fabric, and booomes oxidised again while the 
cloth is hanging up to drain, so that by tho timo it has under¬ 
gone tho series of dippings proscribed a sufficient depth of 
oblonr will have boon attained. This stylo is generally known 
as “ China bine printing.” 

Vegotablo dyos used with tho salts of tin, commonly called 
“spirit colours,” produce brilliant patterns, but unfortunately 
they are not fast. Many colours may, however, be printed with 
a mordant, and then fixed by tho action of steam, so a.s to pro¬ 
duce an effective and permanent design. For this purpose a 
steam-chest has to be provided, in the npper part of which the 
goods are suspended for half to three-quarters of an hour, while 
the steam is let in by a pipe from below, care being taken not to 
1st the steam condense upon them, or the dyes would bo apt to 
Ttin. In some dye-works high-prossuro steam is applied, when 
the duration of the steaming is redneed to one-half the time. 
A good nd is obtained by this process with Brazil or sanan- 
itood printed with on aluminons mordant, and a very brilliant 
oolour 'with cochineal oombinod with chloride of tin and oxalic 
aoid. Tallow berries are generally used for the colour indicated 
Vy their name, arMch may be employed either alone or with a 
tin mordant, '^e latter communicating to tbim au additional 
briUianoe. The ferrocyanido of potassium i.s always used when 
a steam blue is required. Black can be produced by this 
means; an extract of logwood and galls combined with an iron 
mordant producing the reaction which has already been de- 
■cribed in ihe lesson on dyeing. 

Xha iataUigent readar not fail to obaerva that t'^iSTarioos 


processes described iti tSil and tlio preoedihg aHhile sm a 
capable of being combined, and some of ihe beet effects an 
realised by a oombinatioii of one or more of them. In order to 
avoid confusion, tho printing of cotton goods has been ozolu- 
sively treated; woollens and mixed fabrics hare also to be d^t 
with in practice, but these ate of so much less importance wa| 
the reader must bo left to apply to them such modifications as 
will be suggested by a oousidoraMon of tho principles whiob 
have already been laid down when speaking ot tho dyeing of 
those classes of goods. 


PROJECTION.—XI. 

ISOMETBICAl PEOJECTIdK.* 

In all the previous constructions, it will have been observed 
that tho projections have boon obtained by the union of itlans 
and clevalioHi).’ 

Isomotrical Projection enables tho draughtsman to work out 
views of buildings, etc., without these scpaiate drawings, but 
still embodj'ing both. This most useful system may be called 
tho perspective of the workshop, as by its means wo aro enabled, 
not only to show in one drawing a view of the complete object, 
but all the lines of tho projection raaybemoasnied by a uniform 
^colo; and honuo the name, itumehiial, derived from two 
Greek words meaning “ equal measures.” 

In this respect it differs from purspretivo, in which the sizes 
of all objects and lines diminish as they recede into the dis¬ 
tance, occor ing to distinct optical laws; and it difi'cis also 
from orthographic projection (which has formed tho subject of 
onr study hitherto), as in that branch of science the h'ligtbs of 
tho linos aro ultorod according to tho angle at which the object 
may bo placed. The wholo system cf isomctricol projection is 
based on a cube resting on one of its solid angles, whilst its 
base is raised until the one solid diagonal—that is, the diagonal 
which connects tho one angle of tho top to tho opposite angle 
of tho bottom—is parollol 'to the hori'zontal plaxe. - Then, if 
the cube be rotated on tbo angle on which it rests until the 
diagonal is at right angles to the vertical piano, 'the projoctLou 
of tho cube will bo a regular hexagon. This 'will bo clearly 
understood on referring to the following figures. 

THE IBOUETKtCAL PBOJECTION OV X CUBE. 

Fig. 115 is the plan and Fig. IIG is tho elevation of a cube, 
when raised on tho solid angle a, so that tho solid diagonal, 
A b, is horizontal, and thus when rotated on «r, until A n is at 
right angles to tho vertical plane, a.s in Fig. 117, tlie point 6 is 
hidden by the point A, And the projection will bo seen to bo a 
regular hexagon. 

Now wo know that when a regular hexagon stands on one 
angle, so that a lino drawn from that angle to the oentro may 
bo quite upright, the two sides adjacent will bo at 30*' to tho 
lino on which the fignro stands; and this knowledge enables 
us to draw the isometricol projection of a cube without plan or 
elevation, but by means of the set-squaro of SO®, 60®, and ilO", 
by simply placing it with the long side of the right angle 
against the T-aquara (see Fig. 118), and having drawn one lino 
of the hexagon, reversing tho set-square and drawing tho other, 
thou either moving tho square along until its short edge is at 
the point of meeting of tho two previously drawn lines, or 
turning it so that tho short edge rests on the scrt-s()nare, and 
thus drawing 'the vortienl line. These threo lines are then to 
bo mode eqnal, and the npper lines of the hexagon may bo 
drawn, by agun placing the set-square in tho first and second 
position when the T-sqnaro is moved higher up on the beard. 
All the lines forming the projection of tho cube will tlins be 
seen to be eqnal, but they will not bo tho real size which they 
would bo in the plan or elevation, but will all of them bear the 
same proportion to the original measurement, and may tiiCTo- 
foro bo moasnred by a uniform scale throughout. 

To understand the constmetion of tho isoraetrical scale, 
observe that the square, a n c d (Pig. 115), is represented in tho 
projection (Fig. 119) by tho lozenge, a'c bo, and that all the 
other sides, which wo know to be squares equal to A boo, are 
represented by lozenges similar and oqnql to a' C b D. In Fig. 
119, therefore, this lozenge is placed within the square, and it 
will then be seen that the side OB of the equate is at 45® to 


• Javsated by Ptefasser Faiisli,ef about 1830, 
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Ba, vUbt til* lUa ihe loM^, Bb, if at 30” toB& 13ie 
dlflaranoe, th«i« between the triugle Bib end the triangle 
B a B. is the triangle Bba, the angle 6 bb being 15”, and bb( 
being 4S”. 

It will thatefete be plain that if a side of a onbe be giTen, 
andweaienqniMdtodBd the aide of the hexagon which should 
form the iaometrio projeoWon d the onbe, we need only tahe 
the gireo length as the base of a triangle, as D n. Constmot 
an angle of 15” at one 'end (u) and of 45” at the other (n). 
^en the aide d b of snob triangle will be the required length 
of the side of the hexagon, and any divisions or parts marked 
on n D, as b/, may be transferred to b b, by drawing a line from 
/, parallel to n b, cutting b d in g; then b g will have the same 
proportion to n D that b/ has to b n. 

TO OOBSTBBOT AN laOUISTmCAI. SCALE. . 

Now let it be required to oonstmot an isometriori scale, so 
that the object defeated may be one-twelfth of the real size. 
It win, of course, be understo^ that this scale is one inch to 
the foot, as an inch is one-twelfth of a foot; and further, 
that if iliis inch be divided into twelve equal parts, eadi of the 
twelfths will represent the inches of the re^ measurement; 
that is, they will bear the same relation to on inch tiiat an inch 
does to a foot—viz., one-twelfth; and, therefore, as in the pro¬ 
posed scale an inch represents a foot, necessarily a twelfth of 
an inch represents an inch. The object to be projected is a 
box, V Cr long, 1' 0" wide, and 6" high; the sides and bottom 
being 2" thick.* 

Draw the line n b (Fig. 120) an inch anjt a half long, repre¬ 
senting the real lengrth of the box—viz., a/oo( and a half, and 
mark on this the twelfths of inche.s, which are to represent 
inches on the scale. Draw at b a lino at IS” to B b (which is 
most accurately done by drawing a line with your 30” set-square, 
and bisecting the angle). Draw at b a ^e at 45” to bb, 
cutting the lino drawn from B in b; thou the triangle B b n in 
Fig. 120 will be similar to the trianghi B b B in Fig. 119, and 
thcreforo B b in Fig. 120 will have the same proportion to b n 
that the lines similarly lettered m Fig. 119 have to each other. 
From the points 1, 2, 3,4, ete., in B b draw lines parallel to b b, 
and these will divide b d proportionately to B B, and the divisions 
will thus, on the isometrical drawing, represent inches, and the 
line B b is on isomotrical soale of 

TO FBOJECT a box IBOUZTBICALLT. 

We can now attempt the object. Fig. 121. By means of the 
set-square of 30”, draw the lines A B and A c; make A b 1' 6" 
long by the isometrioal scale (the line d b), and make A c 1' 
long. At A B and c draw perpendiculars. 

Moke A B 6" high, and from B draw lines parallel to A b and 
A 0, and cutting the ]^erpendionlars B and c in x and v. 

From a and t draw lines parallel to b 7 and b x, meeting in 
o, and this will complete the objeot as far as the mere block is 
conoemed; and os a rule, it is advisable to project the general 
block view before attempting the detail. 

From B, a, and 7, mark off 2" by scale—viz., h, i,j, k, and 
from these draw lines parallel to b x, b 7, which, intmecting in 
I, m, n, 0 , will give the inner edge of the sides of the box, which, 
it win be remembered, are 2" thick. 

The bottom of the box is also 2' thick, therefore on the per¬ 
pendicular A setoff AptOnd draw pg andpr parallel to ab 
and AC. 

FroiA h, i, j, k draw perpendiculars to out theoe lines in 
t,f,u,v, and ^m theoe points draw lines pon^l to the sides 
of the box, cutting perpendiculars drawn from 1, m, n, o in 
i 0 ,«,y,e, which will show the junction of the inner sides ol the 
widls a^ tiie bottom, and will complete the projection, 

TO FBOJBOT A XOUB-ABKXB CB08B. 

rig. 123 shows the isometrioal projection of a four^rmed 
cross standing on a square pedeetaL Soale, i of an inch to the 
foot; side of pedestal, 8 feet; height of ditto, 2 feet; com¬ 
plete he^t of eroes, 14 feet. 

The pedestal hav^ been projected in a maimer preciaely 
similw to that by vrid^ the box (Fig. 121) was drawn, carry 
up the perpendiodare from the angles; make the perpendicnlar 
AB 14 feet high, and by drawing Unes from b poraUel to ^ 


* The stodeat is reminded that one dsdi (0 over a dguie mesne fist, 
a(^twodariNa(*)4Mhetr thae 1'«" is eae loot tix taehes. 


sides ot the base, oomplete the top of ablodk which woidd mb- ■ 
tain the entire objeot; Tor, ae the oomplete height of the oroes 
it 14 feet, the top of the upright would be in the top of the 
blorir; and as the arms are 8 feet long from end to e^ their 
extremities would be in the sidee of the block, which may thua 
represent a glass case exactly containing the ocom. 

The thickness of the cenfral upright is 2' 0"; and as the 
width of the side of the pedestal is S' 0", it follows that if S' 0* 
be marked off from c to e, from B to d, from c to /, and from x 
to g, the spaces d e and/g will each be 2' 0". 

From d, c and /, g draw lines parallel to the sides of the 
pedestal, which, crossing, will give the lozenge hj i k, which is 
the plan of the central upright. From d,«,/, g draw perpendicu¬ 
lars to touoh the edges of tiie top of the solid blo^, b f and 
B a in Z, m, n, e, and lines drawn from these points parallel to 
the sides give the top of the central upright. On the front 
porpondienlar A mark off q at 9' O'*, and p at 11' 0" from the 
bottom, and from those points draw lines parallel to the sides 
c D and c x. Those will give the heights of the top and bottom 
edges of the arms. Bnt the arms are not so tisiok as the central 
upright, being only 1' 0”; therefore between d e, and / 
and g, mark off half a foot from each of the points.' This will 
leave the spaces r s and t v, esch 1' 0" wide. From these draw 
rpendiculars, which, cutting the lines drawn from p and q, 

11 give the ends of the arms; then draw lines parallel to the 
sides of the i>edeBtal, cutting hj and hk in v, w and te, y, uid 
from those points draw perpendicnlors. From the angles of 
the ends of the arms draw linos jMurallel to the sides Of tiie 
pedestal, cutting these perpendiculars, and these will oomplete 
the two arms which are turned towards the front. By pro¬ 
ducing these lines as shown in the diagram, the portions visible 
of the opposite arms may bo drawn. All further detail will, it 
is hoped, be rendered clear by referenoe to the figure. 

THE IBOUXTBIC CIBCLX. 

Projection does not deal with curves as such, bnt it becomes 
necessary to find points in rectilineal figpires through which the 
ourvea pass, then to project the rectilineal figure, and trace the 
curve through the points so obtained. Thus for isometrioal 
purposes (as in radial perspective) the oirclo is enelosed in a 
square (Fig. 123). 

Having drawn the circle, desoribe around it tiie square A B c B. 
Draw the diagonals, and also the two diameters, at right angles 
to each other, mooting the sides of the square in the tangent 
points X, F, a, H. 

The oirde not only tonohes at these fonr points, bnt outs 
through the diagonals in the points j, k, l, h. Draw linen 
through each of these points, cutting tl^ sides of the square 
in y,k,Z,m. 

Proceeding now to project the cirole thus prepared, draw the 
diagonal c B in Fig. 124 equal to c B in Fig. 123. Ehiom C and 
B ^w lines at 30” to o B, intersoeting in A and B. This will 
be the isometrioal representation of the enclosing square. 

The points x,v,a,H andy,k,Z,m axe obtained by marking from 
A the distances Aj,J x, x I, and xj,j T, and xm, and drawing 
lines from these points parallel to &e aides of the figure. The 
intersections j, x, L, K will thus be obtained through which the 
ellipse, whieh is the isometrioal prqjection of the oizcle, is to be 
drawn. The study may be carried on to the projection of a 
cylinder, by repeating t^e operation for the bottom, and joining 
the intersections by perpen^onlars. 

The limitx of these papers necessarily preclude further illus¬ 
trations of this branch of projection. Varions objects will, 
however, be delineated on tins simple system in ibe fcssons 
in Teolurioal Drawing devoted to ArcUteotuzal and Engineering 
Drawing. 

ANIMAL COMMERCIAL PRODUCTS.—XL 

FBOBBOTS OF TBX CLASS FISCXB (eontfnWSd), 

In our last lesson it was stated that Cuvier has dividsd the 
dooB Pisces faito two sub-olasses— \ 

1. Piseet ossei, or bony fishes. 

2. Piseet eartilagvnei, or cartilaginous fishes. 

The &st sub-class of osseous fishes ore omnged ooewding to 
the ehacaoter of their organs of locomotion ii(tiH~ 

AesmGtotderviiii (Greek eJeantha, a spLoe, and ptmtgion, a fin), 
ExampUet peroh, BsadiaeMl, end multet. 
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(O^elk miitahdg, imd. pitrvgio*, » ia), 
cr'libift-fflmea^ha^. BlaapIeB: faenitkg', salnon, oiirp, and 
tront. ' 

Fiih oornUtotad intpartant article of ooOimerae, fnraiehinK 
ng with immetiBa tJoaBtineS of oil and aa abundance of food. 
Qieat Britain poBaeaseii a eoaiit-line of 8,000 milea in extent, 
while that of Iraland is above 1,000 miles, and the graater {lort 
of the ehores ot both islands abound in those species dt ilsh 
whloh exist in the largest numbers and yield the most accept¬ 
able end nutritious food. Hence a hardy and adrenturous race 
of Osherinen bare arisen, well supplied with vessels beautifully 
built, and with materials of the best description. We shall 
notice only tho fisheries oommorcially most valuable. 

ffet'ring (Clvpea harengtii ).—This fish appears in vast shoals 
mpdnintr coasts from July to Kovomber, when it forsakes tho 
deeper jiertionsof the eoa whore it habitually dwells, and comes 
into tho sliallow shore water for tho purpose of spawning. 
These ihonis, animated by a common impulse, are so enormous 
that tho soa for miles ronnd shines with a silvery lustre from 
their glittering sualos. It is certainly a wiso and bonefloent law 
which thus impels certain fish to approach the shore to deposit 
their ova; for whilst the host moans are being token for tho 
oontinuanoo of the speoies, there is brought within tho roauh of 
mon nn abundant supply cf nutritious f^, which would oth<jr- 
wise bo lost in the depths of the ocean. 

The British herring fisheries are prineipally oarried on off 
Galway, Mayo, in tho estuary of the Shannon, at Banbnry, and 
Waterford, in Ireland; at Cardigan Bay and Swansea, in Wales; 
at Yarmouth, Lowestoft, Hostings, and Folkestone,in England; 
and on the coasts of Caithness, Sutherland, Boss, Aberdeen, 
Itenfir, Moray, and Berwickshire, in Scotland. In the harl oir 
of the small town of Wiok, in Caithness, os manj as 2,000 
boats, each having five or six mon, have been congregated at 
ono time during the herring season. Some id«9a a uhe extent 
of this fishery may be inferred from the fact that i.dependontIy 
of the home oonsumpUon of fresh herrings .‘.i 1358, 636,122 
barrels of herrings were cured, and 350,204 ware exported, 
valued at upwards of 43507^60. In Horway about 000,000 
tons of tbeso fish are annually taken and suited. Sweden, 
Bonnaark, Holland, and Franco oro also largely engaged in this 
bariuoss. 

The J i'chard (Olv/pea, pi’ehardus) closely rcsomblca tho her¬ 
ring- ‘TUa-Ash'ia very abundant on tho coasts of Cornwall 
during tho spawning season in July. Like the herring, it is 
taken with the not at night. Tho average annual produce of 
the Cornish pilchard fisheries is estimated at 21,000 hogshoads, 
each annually containing 2,500 fish, thus making the total 
number captured 52,500,000. About 10,521 persons, young 
and old, are employed, and the capital invested in boats, note, 
and cellars for curing, is estimated at -£441,215. 

The b’pra t {Clupca sivratlvs), although smaller than the her¬ 
ring, is'also very abundant, and lurtushcs an acceptable supply 
of cheap and agrcoablo food. It is caught during tho winter 
months on the coasts of Kent, Essex, and Suffolk, and in suuli 
vast quantities as to give rise to the Stow Boat fisheries round 
, the ^'hanica estuary, where they are taken for manure, many 
thousand tons being sold to the farmers at from Cd. to 8d. per 
bnahel for this purpose. Forty bushels of sprats servo for an 
acre of land. 

iOiupea ttl5o).—Every ojIb familiar with an English 
aewspapoFEos. heard of tho whitobsdt dinner—or fish dinner, at 
which wWtebaii is tho chief dish—annually held at Greenwich 
hr the members of tho British Cabinot and the Loid Mayor and 
afdoimon of London. This little fish, so much prisod for its 
debcions filatour, was formerly regarded as tho fry of the shad, 
while other naAcrolists maintain that it is quite a distinct 
■peoleB. GUnriier, an authority of high repute, has recently 
shown that whltgl^t it the fry eff the sprat. It has never been 
fonud with matured ova, and therefore does not ascend rivora 
for the purpose of epawnhig. 

Sardine (Ohtpea tardima) and Anehoey (JDayrauli* eaerctei- 
oloB ly allied'to the heniitfrv^>leee that fish in the 
Mediterranean. The former ie taken in gnat abmadanee off the 
shores of Sardinia and feittany, andiT|adind in small metallic 
bimes, and ie mnifii esteemed as a bretnefaatr Urii. The latter, 
a small silvery fUh fans or five latfiwa la length, is found on the 
goasts of Frence and Fertugal. - Ttw head sad mttulla having 
iaba temovwi, it U naltcd and faidnd in bamb, and iSMsi the 


well-known condiment, anohovy eanoe. About 140,000 pouada 
are annually imported. 

MaekereU Seomber aconArui ).—This well-known and beaatffnl; 
fish, BO valuable as an arriole of food, is found in abundanoe j 
on tho south and soath-eset shores ^ Enghmd. Oat of tbe; 
water it soon dies, and becomes quickly tainted. Those caught 
in the months of May. and Jano am preferred. " Maoksrei will j 
bite at almost any bait, beuoe qnBnti|iee are token by hook and < 
lino. A slice cut from tho side of a maofceiel near the tail is a! 
sncoessful lure, cc oven a strip of red leather or soirlet cloth.*'* > 
In 1823, 142 lasts of mackerri were taken at Yarmouth—a last/' 
is 10,000. Tills makes a total of no less than 1,420,000 indi>| 
yidual maokorel. 

solar).—This is a soft-fluned fish, the body 
being adorned with spots, and brilliantly coloured, and ooveted 
with cycloid scales. The species pass by almost insensible 
gradations into the clupeoid or hcnii^ family. like tho her¬ 
ring they inhabit the soa, and not only approach the land, bat 
ascend the rivers nearly to their sources in order to deposit 
spawn. For this obj»ct the salmon reaches the small streams 
near tho sources cf rivers, displaying an amount of persevorunoo 
and activity in getting there which Is astonishing. Cataracts 
and weirs ton and twelve feet in height are cleared at a single 
leap, and should tlio fish be foiled tho first time, it tries again 
until sucoossfaJ. 

After spawning salmon are totally unfit for food. They 
descend the rivers to tho sea with tho floods, with which 
winter usually closes, where they soon recover their condition, 
and retain ample' in size and rich in human nourishment, 
exposing themselves in narrow streams as if Nature intended 
them as a special boon to man. Such salmon as are taken in 
estuaries or rivers are, of course, tho property of those to whom 
ihe eituarius and rivers belong; but latterly considerable quanti¬ 
ties hare been caught in bays and in the open soa, where the 
dobing is free. Tho London markets are principally suxipliod 
witu almon sent up firom tho Tweed, Tay, Don, and Dee, and 
from Ni vway, preserved fresh by being packed in ice. Tho fish¬ 
ing is usuiiUy carried on in summer, and when the take is greater • 
than can bo conveniently sent off fresh, the rosidno are salted, 
pickled, or dried for winter consumption at homo, or for foreign 
markets. C f late years there has been a dooreasu of salmon in 
tho Englisli i-ud Scotch rivers, tho rcsnlt of poaching and over¬ 
fishing. Logisl.Aicn has done something to xomody the evU. 
Pccu'iiary penaklns are inflioted on poachers and trespassers; 
and in Scotland tim rivers are shat up—on the Tweed from 
October 15th to Febnmry ISth, and north of the Tweed from 
Soiitcrabcr 14th to February 1st. 

i!i?i (Morrhna vulgaris ).—This valnablo fish is spread 
throughout tho saas of Europe from Iceland 'to Gibraltar, and 
abounds on tho eastern coast of North America from 40* to 60° 

N. lat., particularly around Newfou idland. It spawns in British 
waters about Fcbrahry, and is in tlia best condition as food 
from tho end of O jtober to Christmas. It is amazingly prolific, 

O, 384.000 ova or eggs having boon oountod by Leuwonhoeok in 
the roe of ono female. As the cod froiuonts deep Water it can 
only be taken by long deep sea lines, hooks bring fastened at 
regular distances along their entire length. It is nsnal to fish 
for cod in water from twenty-five to forty fathoms !n depth, 
with a hook and lino. Cod is vorooious, and easily taken with 
a variety of baits. 

The British cod fishery is carried on in a nnmber Of places 
contiguous to the shores of our islands. The most prodnriiTe 
home fisheries are those off the coasts of Norfolk, Suffolk, Essex, 
Lincolnshire, and tbe Orkney, Shetland, and other islanda. The 
London market is supplied ohiofly from the Norfolk and Ldn- 
colnshiro fisheries. Fresh ood are nsaal)y kept alive in welled 
smocks, and arc in this manner brought in good condition from 
the most distant points of our ooaats. ^e well ii (^f^iable 
holding about fifty score, imd roorives itq water dirawy pfSa 
the sea, through perforations in tho bottom of w Vessel. 
These vessels are either anchored in a tide-way, or one of the 
eafls is kept set, so as to produce a constant heaving pwtion, 
and, in consequence, a peiqpetaal ohrage in the watc^ pt the 
WaU. The unaoka pever go further gp the Thatllte than 
Gravesend, as the fresh water intormbiglee wi^ the eelt 
above riiat point, and prbree destructive to ike fish. 

* 0se aittoie EMarbs, ** Srtgrilopndta Mtanrios,** riflitti edNioH, 
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WEAPONS OP WAR.—V. 

BT Air omcxB or thx botai. abtiIiLbst. 

^S^CH IiOAOlKa SU4I.L AB^S (continiMd). 

W* Iwro tipoken of tke inkrodaotion of the 8nider>i)nfield rifle, 
prMOot ex<u of the British soldier. It is necessary, howerer, 
to B«y eoatetbing more on the eubjeot of the corttidgo for this 
arm, beoease it is now rsoognisea that the cartridge really 
oonstitates the soul of any system of breeoh-loading small arms, 
^e cartridge bos been compared to the hinge upon which the 
system toms; once select a good cartridge, and the difficulty 
of finding a good rifle is more than half solved. The foundation 
of a good system is laid, at any rate; and it becomes very much 
a matter of individual preferonoe whether the cartridge shall bo 
used with this or that breeph-aulion. At this moment there 
are so many grood rifles before the public that the difficulty 
consists rather in deciding which is the best than in deciding 
whether any one of them will do. , 

All these systems have a point of contact in the cartridge. 
They do not all fire identically the some cartridge, although they 
could, of course, bo made to do so; but they all fire a motallio 
cartridge—a oartridgo which forms a gos-cheok at the brooch, 
and which has to bo withdrawn after &ing, and either thrown 
away or rO'filled. There ore two great ufossos of cartridges—> 
those which belong to the class above described, cartouches* 
oblurattues, as the French call them, for the reason that they 
“obtai-ato," or seal tlie broeuh at the moment of explosion; 
secondly, cartridges which arc intended to bo consumod by the 
explosion, tbo arm itself or some portioi^of the breooli mecha¬ 
nism furnishing the gas-check. The English “Boxer” service 
oartridgo, tho solid motal cartridgo, tlio stout pasteboard sport¬ 
ing mirttidgoK, arc all typos of the first class; the Chossopet 
and needle-gun cartridges ore types of tho second class. Tho 
bbjootionB to the second class of cortridgos aro not inconside¬ 
rable. In the first place, tho gas escape being taken by the 
breech of the gun, continued firing bo make that check 

less effeotnal. In the noedlo-gun, f« example, where there is 
only a meolmnical fit of ono metal upi^ another, tho “spitting” 
of fire at tho breach is iriconvonieutly. great. The same thing 
oeonyred in our own cavalry “ Sharp ” breech-loaders. In tho 
Chassepot the spitting bi pioronted by an india-rubber ring or 
washer, which, however, is liable to be^mo injured by use, or 
hard with frost, or rotten with heat, anSwhioh thou, of course, 
foils to fulfil its object. Indeed, wo arnw^<’™‘od on credible 
authority that this defect has exhibited its#f to a considorablo 
and inconvoniont extent during the present war (1870-1). Again, 
although cartridges of this class are supposed to bo consumod 
by the discharge, it is a fact that they frequently aro not 
altogether consumed—debris collects and fouls tho chamber 
of tho gun, and loading, after a time, becomes difficult. Again, 
if made very thin, these eartridges aro liable to be exploded on 
masse by the acoidcntal ignition of ono or two cartridges in 
their midst. • 

The list of objections oould be largely extended; bnitho throe 
which we have named will suffloo to show that tho English mili¬ 
tary authorities are not without reason in having sot thoir faces 
against the “consuming ” cartridges, and in having adopted the 
cartouche o'liuratrice for use with our military rifles. For wiih 
an obturating cartridgo you renew your gas-chock each time of 
firing s you have .a cartridge which cannot bo exploded by Iho 
adjacent explosion of another oartridgo; yon have a carbridgn 
far more capable, because stronger, of resisting rough usage, 
transport, and damp; you have a oartridgo which, if a misa-firo 
ooours, can be withdrawn without tho use of tho ramrod, by 
Hmply applying the ordinary oxtraotor; you liave a cartridgo, 
also, which is less liable to miss fire, for the reason that its 
position in tho chamber is always determined accurately by 
means of the projecting metallio base; while with tbo paper 
eartridge the position in the ehamber varies according to the 
exaet size of the cartridge and of the cham ber, the former being, 
of ooitrse, variable, according as tho cartridges become deformed 
in .handling ud transport. 

All these advontagos belong to the class of cartridges of 
whieh the EngUsh service cartridge—tiie invention of General 
Boxor, B.A.—^rms the best known and most snocossfnl type. 
In this csrtridge tiie maximum of strength is obtained with the 
minimnu of metal. A pasteboard cartridge is inadmissible for 
military pntposes, because it is liable to sw<dl with damp, and 


is more or less sosceptibla to injury in other ways. ‘ Ws etc, 
therefore—having narrowed one selection down totihe obturating 
non-Qonsoming class of eartridges, and having elin^atad irmn 
this class tho pasteboard cartridge—left to ohoose betwSm a 
cartridgo on the Boxer or ooil system, and one on the solid 
metal system. The latter is mneh more costly than the fomsr, 
more metal being used in it, and tho loss in manufacture being 
greater. But it is urged that, as the cartridge-case is capable 
of being fired many times, it is, in the end, cheaper than a onoe- 
firod Boxer cartridge. To this there are two answers—first, 
that tho opciution of oolleoting and re-fllliog empty cartridges 
is not one which can be carried out by soMiors on servioo; 
secondly, that tho Boxer ooirntruotion of oartridgo is just as 
suitable for re-filling as—if not more so than—the solid-metal 
cartridge. Wu have oureelves aoen these cartridge^ re-filled 
and fired as many as thirty-two times. The best antiiorities are, 
however, now generally agreed that tbo operation of re-filling 
oartridge-oascs is not ono to be entertained for military purposes, 
howovd erocticablo for sportsmen. 

Before proceeding to describe the Boxer, or service cariridge, 
it may bo well tu observe in passing that tho self-oonsuming 
cartridge is not, os is frcquontly supposed, necessarily cheaper 
than the motallio cartridge; on the oontnuy, tho Chassepot is 
a very expensive cartridge, as it is all made by hand. Again, 
it is generally assumed that loss of time takes place is extract¬ 
ing the empty ease of tho non-consuming cartridgo after firing. 
This is an error. Even in the Bnidcr tho loss of time is in¬ 
appreciable, and in tho improved typos of hreeoh-loadcrs, sooh 
os the Martini-Henry, the operation of extracting is combined 
with that of opening tho brcock and cocking tho arm; there 
is, therefore, absolutely no loss of time whatever cause! by 
extraction. 

Tho Boxer service cartridge for the Snider rifle (Fig. 3) consists 
of a caso of thin brass, '003 inch thick, roUod into a cylinder, and 
covered with paper, by which the ooil is coiuontcd together. 
Tho coiled cose is fitted into a double hasc-cup of brass, with 
an iron disc forming the ondof tbo cewtridge whioh abuts against 
the broeah-hlock of the rifle. Tbo case is ssourel in its position 
by moans of a rolled paper wad inside, which is squeezed out 
with great force against tho sides of tbo case. The iron base 
is attached to tho cartridgo by means of the ooppor “oap- 
chambor,” which contains tho detonating arrangement; the 
oap-chamber, being riveted over at each end, holds tho hose 
tightly to tho cartridge. Tho ignition is effected by tneans of 
a pcrcuHsiun-cap, resting on a small shouldered brass anvil. 
To explode the cap, it is necessary that tho crown of tho cap 
should bo indented (by the striker of tho rifle, for example), 
when tho detonating composition is brought into contact with 
; tho anvil, and tho flash posses tkruugh the firo-hole at lha 
bottom of tho cap-chamber to tho powder in tho case. Tho top 
of the cartridge is closed by means if a small quantity of wool, 
over wliioh is fitted the bullet. This ‘hu.lot has four grooves 
or cannelures round it, which serve to carry the wax lubrication, 
which in this ammunition is distributed in a thin film around 
tho bullet. The construction of tho bullet i.s peculiar, tho head 
as well as the base being hollowed ont. Tho base is hollowed 
out for the same reason as in tho bullet for the muzzle-lcadirig 
Enfield—viz., for tho insertion of a clay plug, by which tho 
bullet will bo expanded into the grooves of the riflii g. The 
bond of the bullet is it;pdo hollow, in order to give thcrnecess^ 
length to tho Vmllet without increasing tho weight. Tho following 
aro the details:—Length cf bullet, i'C65"; diameter (without 
lubrication), *573" ; weight, 480 grains. Length < f cartridgo, 
2'446"; weight, d oz. 10 drs. 20 grs.; charge, 70 ; rains. Tnio 
bullet, tltbough an ingenious contrivanoe for overcoming tho 
difflonlties inherent in a largo boro slow-twist I'ifle, is the leaat 
satisfactory part of this ammunition: and lepoatcilchargeshavo 
been mode, and innnmernblo expoiimonts, with a view to the 
adoption of another bullet for this arm. Hitherto tho tesultfl 
havo been attended with little marked sucoesa, and all that can 
be said is that the present bullet gives an accuracy and general 
shooting power about 'equal to that of tho old Enfield, and 
Bnperior to it in ono respect—viz., that the wounds inflicted 
by the hollow-headed ballet are mneh mote eevoie than those 
inflicted by tho solid-headed bullet. 

^o conversion of tho muxzle-loading arms may therefore be 
said to have fully answered its purpose. Lot no oto dopreciatH 
the Snidor rffie. It is an admirable vreapou, and, taken ali 
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rapatior to moot of tbe bteeoh-loodiBff riflea in tiie and the aoouzaoy of tiu waaiwn loam mncdi to be deabOd—eo 
handa of other saSitary powen. It is aimple, durable, eeo- mnoh, indeed, t^t we find the Fnuaiani hare taken the ad- 
capable of n.npl&tj' of fire of fton twelve to eighteen vantage of the large nimber ef Chaesepota which have fallen 
thota per ndnnte, aooording to the skillthe fixer; tiie ex- into iheir hands to arm some of their troops with them. But 
traction of the empty ease is effeoted with ease and vapidity; the Chassepot, as we shall see when we oompsie it hereafter 
the ammanltion is exoeedingly durable, strong, little ansoeptible with the Ifortini-Hemy, ia fee from a satisfaotory arm, He 
to iiQncjr by damp, and as cheap, probably, as any eqoally ser- ignition of the needle^gon partridge ia effected by means oi a 
vioeaUe ammunition can be made. It is important to notice that small patch of detonating oomposition planed at the book of the 
one oharaoteriatio feature of great excellence in this cartridge is eabdt, into which the ne^le penetrates when the arm is fired, 
the coiled case. The action of firing causes the ease to expand The Chassepot cartridge ia made of thin paper, covered with 
Immediatdy against the rides of ihe chamber; and this ex- thin silk, the latter being intended to seonre the blowing out 
panaion is follow^ by an instantaneous contraction, by means of the whole of the ddfacis of the consumed cartridge when 
of wUbh the withdrawal of the empty shell is greatly facilitated, the arm is discharged. The ignition is effected by means 
itlso, the arrangement of base is ospeciaLly noteworthy—^the of a peronsrion-oap, into which the needle strikes, disturbing 
solid end, which gives groat stability to a part of the cartridge the detonating oomporition, the flash passing through holes in 
where strength and resistance are required, and which likewise the crown of ihe cap. The cap, it will be observed, is presented 
serves for the elaw of the extractor to take hold of. The doable to the striker in the opposite ^reotion to the cap in the Boxer 
cup affords the necessary strength round the back end of the oartri^go, and the ignition is effeoted by moans of a needle, 
esrtridge, the part upon whioh the greatest strain comes, espe- instead of with a blunt piston. To prevent the gas from the exc 
dally if the block of tho i^o should happen not to fit very ploded cap escaping backwards, the month of the cap is covered 
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Fig. 3.— BOXBB CSJtTBlOaB FOB BKIPXS 1UTI.X. Fig. 4.— ^AUUUKITIOK FOB PBUSSI&N NKSDLX OtTN. Fig. 5.— ^aUUUNITION 
FOB FBXNOH CUA6BXFOT. Fig. 6. — BOXXB CHABOR FOB BRXECX-LOAOINa BEVOLVXB. 


aoonrately, or if, from any otbsr oause, the cartridge should be 
subjeoted to nn^ strain round the rim. 

Having given a drawing of our own servioe cartridge, we 
think that the aooompanying drawings of the cartridges for the 
Pmasian xwedOe-gnn (IV- 4) the French Chassepot (Fig. S), 
with the following details as to dmonsions, weight, eto., may 
he ot interest for comparison. These are, for Prassian needle- 


fua ;-~Length of bullet, 1*08 ; diameter, *533"; weight, 480 grs. 
Leugth of OBitridge, 2*44"; weight, los. 6dre. 20 grs.; weight 
ohorge, 86 grs. For French ohassepdt:—Length of bullet, 1 *"; 
diamatar„‘488"; weight, 880 grs. Length of cartridge, 2*64"; 
weight, los. 2to. 2gn.; weight of charge, 85grB. 

His iioedle-ga& cartridge is modo of paper. Botation is given 
to tte bn^ by means of a paper sabot, whioh, being slightly 
Isigor than the bore, ia forced into tiie rifling. The bullet time 
daaa not tondh the bote at all, but is spun by means of the 
anbot. method is a olever plan for obtaining the ad¬ 
vantages a large bore, in respeot of shortness of cartridge, 
prompt ignition of the dhas^, etc., while preserving ^e 
uvantagw of a Bsaall bore as far as the bullet ie oouoemed. 
But the needle-gun is not at all a satisfactory arm, oonsidered 
as an am of pxeohion mr as a breech-loader. The liability, 
ante the latter head, to tycape of gas at tiie breech, has been 
beCore remarked up<m; in addition, the medhanism is defective 
' ^ some important u^enlars. As an aim of precision, the 
‘ IfiMKB is fme. "Ae velocity imparted tothe bullet is small 
■ 'i 'illii ty .eheat 1,080 &et per eeeond, ae against 1,890 for the 
iJUKt tor the Saito, and 1,^ few tiie Hsxtini- 
itte ttyjedtcty ty oemntymtiy: hii^ the swgs hi small, 


with a thin disc of in^-mbber, through which the needle passes. 
Sometimes this india-rubber oomee book with the needle, inter¬ 
fering with its aetion. This is one of the minor defects of the 
system. There are several other defeats too numerous to be here 
ennmeratod, hnt to whioh the Frenoh are now only too fully alive. 

Other means of igniting breeoh-loading cartridges have been 
designed. There ie the well-known “ pin-fire," so common in 
sporting cartridges, in whioh a blunt pin whioh projeets from the 
cartridge, and one end of whioh rests in a peroussion-cap inside 
the cartridge, is driven down by the hammer of the gun. There 
is also the “ rim-fire ” cartridge, a oommon American form, in 
whioh the fulminate ie enolo^ in the rim of the base of the 
oartridgo. This method is objectionable on many accounts. 
Then, of " oentral-fire" cartridges, of whioh tiie Boxer is an 
example, there are infinite varieties; hnt the system of oap and 
anvil is the one most generally in vogue. It k hardly possible 
to doubt, however; that this detail will in time be considerably 
simplified and improved upon. 

We will mention in titis paper one other desoription Cf 
breeoh-loading oartridge, and one only—namely, the servior 
cartridge for the breeah-loading levolvw. The ooostruotion 
this oartridge ia sufficiently exhibited in Fig. 8. Ti^ ammu¬ 
nition has now entirely eupeneded the ekln or paper 
revolver oartridge, whioh wae in vogue until a few .yeen sgft 
The pistol with whioh it is used in Her Majesty’s servioe is ail 
Adsms’ revolver—a eimidc, ctroog, ^oki sarvioeabte weapon. 
In out next paper w» pt&poee to ti^ of the UariM-Btemy . 
hteeoh-loadBr and Itc amar^tton, and to bring the mbjeot it 
Btaiaa Awns to a CQBClBstwi, 
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VEOiffXBLE COMMERCIAL PRODUCTS—IX. 

ITOTS (continued). 

WAiiinrr (Juglans regia, L.; natural order, Juglandaceoe ).— 
ie too Tvell known to need description. It grows 
not'only in England, but over the whole of Europe, and in Asia. 
It is especially abundant in Circassia, where it is extensiToly 
cultiTated. There is a considerable number of English walnuts 
in the market, os the fruit ripens well in the southern parts of 
this country. We receive about 30,000 bushels of foreign 
wolnata f annually, 
chiefly from Ger¬ 
many, France, and 
Italy. Walnuts will 
not bear a long 
voyage without being 
kiln-dried, a process 
which certainly 
spoils them. 

Hickoby and 
Pecan Nuts .—Vfo 
receive from the 
United States, in 
small quantities, thu 
hickory nut (Caryn 
alba, Nutt.), and the 
pecan nut (t'nrya 
oHvwformis, Ku*‘), 
both of which belong 
to the same natural 
order, Juglandaceii. 

Tltose nuts have 
kernels very similar 
to those of the wal¬ 
nut, but their shells 
are very different. 

The Jiickory nut ii- 
smooth, whitish, 
marked on its ex¬ 
terior with throe or 
four elevated ridges, 
extremely hard, and 
smaller than the wal¬ 
nut. The pecan nut 
is about the size of 
an olive, wliich it re¬ 
sembles in shape, as 
implied by its specific 
name; its colour is a 
light reddish-brown. 

Bbazii, Ndt 
CBertlioletia ei’celsa, 

Humboldtnatural 
order, Leeyihidaceo!). 

—Large fine trees, 
often 120 feet in 
height, and growing 
abundantly in the 
Brazilian foresto. 

The nuts are closely 
packed in a hard 
woody capsule, to the 
number of twelve or 
twenty. This cap¬ 
sule is nearly round, but slightly pear-shaped, and is so 
hard and heavy that when ripe it is dangerous to pass under 
the trees, for a human head is not thick enough to escape 
fracture if it be struck by one of these fruits in falling. The 
eapenles open at the top by a circular lid, whence they have 
been called monkey-pots. Sometimes, as soon as the foUing 
ospSTde strikm iJie' ground it bursts open, and this is at once 
the signal for an amusing scramble amemgst the monkeys, who, 
keeping sentinel on a hundred branches, instantly swing them- 
selves from tree to tree by the help of th^ prehensile tails, until 
they atriv>e at the spot, and then fight furiously for the coveted 
nute. Theindiarw, in order to obtain the nuts, pelt the monkerys 
with stones, who in return gather the capsulra to hurl at th^ 
opponents. In this moaner large quantitus are ooUected and 


transferred to boats, and thence to vessels. We reoeiTe from 
the Brazils annually not less than 50,000 bushels of thaw ante. 

Cbbstnut (()astanea veeea, L.; natural order, Ch^uliferm),^ 
The chestnut-tree is a native of Great Britain and the temperate 
parts of Europe, but the nuts not coming to perfection ui this 
country, we import nearly all that we use from Spain, whence 
they are usually called Spanish obestnuts. Upwards of 60,000 
bushels ore annually imported. Although not very nutritionB, | 
chestnuts are much more easy of digestion when roasted. The* 
larger and butter sort called Marones are the produce of Italy, 

France, Switzerland, 
and of some ports of 
Germany. 

fiVVEGT ADBOND 
(Amygdalue com- 
nmnis, L.j variety, 
duicis; natural order, 
JioaacecB). —The al¬ 
mond-tree, a native 
of the worm parts of 
Asia, and of the 
coasts of Barbary, 
is now cultivated to 
soma considerable 
extent in Southern 
Europe, especially in 
Italy and Spain. It 
grows to about the 
!,ize of a common 
plum-tree. The 
cortex or outer en¬ 
velope of the fruit is 
not succulent like the 
peach (Anlygdalus 
Persiea, L.), to which 
the almond is allied, 
but hard, green, and 
juiceless, so that 
when growing it 
looks not unlike on 
unripe apricot; when 
fully ripe this green 
covering splits, and 
the almond in its 
rough shell drops 
out. There ore two 
well-marked varieties 
of the sweet almond. 
(1.) The Jordan al¬ 
monds, tho finest and 
best of the sweetest 
variety; those, not¬ 
withstanding their 
Oriental name, wo 
receive from Malaga, 
imported without 
their shells. (2.) The 
Valentia almonds, 
ViTiich are bi-oader 
and shorter tluin tho 
Jortlan variety, and 
usually imported in 
the shell. England 
receives yearly about 
600 tons of this fruit, which is usually eaten with raisins. 

Bijjjbb. Aluond (Amygdalus communis, L.; variety, amara), 
-—This variety comes to ns from Earbary, in Northern Africa, 
where it forms a staple artiolo of trade. It is principally nsedt 
for its oil, which imparts a pleasant flavour to oonfeotionery.| 
This almond is smaller and much rounder than the two preceding 
varieties of sweet almond, and very bitter to iii9 tute. Tho 
ftTinnii.1 imports amount to about 800 tons, 

THU F^,K VAUII.Y (NATUBAD OBDXB FAUCACBJB). 

The p^lms, next to the cereal grassoe and sugar-cane, are the 
most valuable order of food-plants. They ate, however, of far 
greater importance in the countries where they are produced 
than in our own, fumiahing as they do to the inhabitants of 
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thoM oonatries food, dtelior, and olothincr- The tnort useful 
plfuit of this Older is 

Thh Cocoa-mot (Coco* nu^ero, L.).—This pahn 

BnppBes'the 'iiBttthli of tho oonntries in which it grows with 
olotiiing, food, medioino, houftos, and orery deseription of do- 
mestio utensil. This aspect of tho tree is very impoBing. Its 
stem is toll and slender, without a branch, and at the top are 
seen from ten to two hundred cocoa-nuts, each as large as a 
man’s head; over these are ttio gracefully drooping, green, glossy, 
and beautiful fronds. “ The blessings it oonfera ore incalculable. 

: Year after yeas the islander reposes beneath its shade, both 
eating and drinking of its fruit; he thatches his hut with its 
boughs, and weaves them into baskets to carry his food; ho 
cools himself with a fan plaited from the young leaflets, and 
I' shields his head from tho sun by a bomiot of its loaves; some- 
; tunes be clothes himself with the eloih-liko substance which wraps 
''round tho base of tho stalks, whoso elastic rods, strung with 
■^^fllberts, arc used os a taper. Tho larger nuts, thinned and 
^polithed, furnish him with a beautiful goblet, the smaller ones 
with bowls for pipes; tho dry husks kindle his fires, their fibres 
\ are twisted into fishing-lines and cords for bis canoes. Ho heals 
his wounds with a balsam compounded from ihe juico of tho nut, 
aud wiih the oil extracted from it embalms tho bodies of the 
dead. The noble trunk itself is far from being valueless. Sawn 
into posts, it upholds tho islander’s dwelling; converted into 
charcoal, it cooks his food; and supported on blocks of stono, 
raUs in Us lands. Ho impels his conoo through the water with 
a paddle of the wood, and goes to battle with clubs and spears 
of tho same hard material.”* 

Tho ooooo-nnt palm grows by tho soa-side in most tropical 
countries, and is nsnally tho first plant to establish itself on the 
newly-formed coral reefs in the Faoifio and Indian Oceana. It is 
abundant throughout the South Sea Islands. The fibrous outer 
covering of tho nut, when macerated and prepared, is termed 
,, coir, a substanoo extensively employed for mo^g ropes, 
t mats, and stufiing for enshious. Large qnontitiea of oil are 
' obtained from tho nut, after it hqs been ground into a rough 
meal, oolled in Ceylon eoperah This oil has of late years been 
in great demand ^ England for the manufacture of composito 
I candles and soap. Marine soap, so colled because it washes 
1 linen with sea-water, is made from cocoa-nut oiL This nut is 
I used largely in oonfeotionery. The ooooo-nnt forms a esn- 
sidorablo artiale of export from many of onr colonies; 3,500,000 
wore exported from Ceylon in 1847, whence coil AUd ooperob 
arc also largely shipped. 

TII. UMCMbliANXOUS FOOD riiAMTS. 

Omxok {Allium cepa, L. ; natural order, lAlioeecB).—TiiB 
onions of Spain and Portugal and tho south of France are superior 
to our common garden onion, larger, and more sncoulcnt; wo 
theroforo import thoni from those countries in chests and boxe.s 
to tho amount of about 700 or 800 tons. 

SojUEAN {Soja 1ii»pida ; natural order, Leguminosai).—A 
sanbe or catsup, ns thick as treacle and of a door black colour, 
called soy, which is much esteemed, is made from tho beans of 
this plant by tho Chinese, and scut to us from India in oou- 
sideip-blo quantities. From 500 to 600 gallons aro annually 
imported. 

^DFPlilffl {Tuber cOiarium ; natural order, Fungi ).—These 
remaricablo fungi grow beneath the soil, honorally in beech woods,, 
in this country somewhat sparingly, but more plentifully in 
France and Italy. Tho trufilcH of commerce, besides tiio above 
species, inoludo several others, all of which ore edible, and highly 
prised for their delicate flavour. In form tho tnitUe is round, 
its surface in some species smooth, in others warted and tuber- 
ottlona; the colour, dark-brown outside, and brown, grey, or 
white within. They generally grow at the dtqrth of five or six 
' inchoB. * Dogs are trained to scent them out, and sows ore also 
employed for the same purpose. Wc receive them from France 
, and Italy preserrad in oil. They ore used generally in sanoes 
' and soups, and as stuffing for poultry. 

,Mobx|j {Morehtlht eseulenfa. Dill.).—^This is one of the few 
fubgi found in this ooxutry whibh may be eaten witii safety. 
The stipes or stalk is hollow, from two to three inches high; the 
jt&ettB or cap is q^heroidal, hollow within, and marked on the 


* ■' AdfontuMs in tbs Sooth Seas.** 


surfaoe with numeroua areolts resemble a honeycomb in struetare t 
the odonr whitish. 

The morel is usually found abundantly where trees have been 
burnt, a fact which led in (Germany to the ^actioe of firing the 
forests for the sake of the morels, a practice so injoiious that it 
became necessary to suppress it by law. This funcrus ooea- 
sionally oocnrs in woods and oroho^ in England, whence iti 
finds its way to our markets; it is found to be very valfiablei 
for cookery purposes, but is more frequently used in a dry state) 
for sauce than when fresh. Wo import the greater proportion 
of the morels used in England from Italy. 

Cakbaoeem ok Iuish Moss {Chondrus criapus; natural order, 
AlgtB ).—^This is a very common plant on the rooky coasts of 
Ireland and Great Britain. The frond is tufted, fixed to the 
rock by a hard scutate base, dichotomous, tho segments linear, 
wedge-shaped, frequently crisped and cnrlod at tho edges. The 
whole plant looks like yellow parchment. 

Carrageen or Irish moss is sold by all druggists and herbalists 
in tho United Kingdom. It contains an abundance of gelatiue,^ 
and is extensively used for feeding cattle, and for forming a 
light nutritive jolly for invalids, nearly tho whole weight of the 
plant being convertible by boiling into tho required substance. 
Carrageen moss is sometimus used in manufactories for dressing 
silks. Immense quantities of it ore annually brought to England 
from tho Irish coast, and from Northern Europe. A preparation' 
of this moss is now sold under the name of Sea-Moss Farine, 
which is coming into very general use. Tho moss is apparently 
dried, and then ground or ernshod into a coarse kind of meal 
resembling fine sand. Tho jelly obtained from this plant is 
mado far more qnickly from the meal than it is by boiling the 
moss in an entire state. 

We have now oonsidored the principal, if not aU, of the 
plants used for food, and some other purposes in commerce, in 
the lessons that have been brought under tho notice of tho 
reader. In our next lesson on this subject we shall oommenoe 
a review of plants that oro of importance in medioine and many 
of the industries of tho United Kingdom, commencing with 
textile plants, or tlioso from which wo derive materials for 
dotiiing and cordage. 


APPLIED MECHANICS.—YI. 

ST SOUGHT BTAWEIili BALI., U.A., 

Professor of Applied Mathematics in the Itoyol College of Soienoe, 
Dublin. 

COMMON TOOLS: THE HAMMEE, SAW, PILE, AND CHISEL. 

THE UAMUEB. 

This very well-known tool is a remarkablo meohanioal power. 
Tho study of its action is important, os it depends on some 
priuoiples of the greatest oousuquonuo. Wo shall oommenco by 
an explanation of these principles, and wo shall then apply 
them to certain different forms of hammer, reserving, however, 
the important subject of tho stoam-hammor for a separato 
lesson. 

We shall suppose that a hammer is employed for driving 
a nail into wood, and let us examine what is the resistance to- 
be overoome by tho nail, and compare it with the power which 
is applied to the hammer. 

In considering this subject, it is necessary to nndorstand the 
struoturo of wood. Wood is composed of multitudes of fibres 
placed side by side. In this it differs from stone, which is a 
multitude of particles merely attached together. Tbis constitu¬ 
tion of wood is tho cause of many of its peculiar properties. 
The fibres are extremely tenacious in themselves, bat they 
adhere together with comparatively weak force. This produces 
what is called the grain in wood. If I take a piece of pine one 
foot long and one inch square, I should find it impossible to 
break it when the fibres—that is, the grain—rnn along the length 
of the wood; tho reason of tins is, that to breah the piece the 
fibres wonld have to be torn across, and enormous force would 
be required. But if I take a piece of pine of the eame dimensbns, 
in which tiie grain runs across the wood, I find that it is broken 
with comparative ease. The reason is that in this case the 
fibras ^ve not to be torn aennder, bnt only separated, and the 
force of adheeion le not great In different woods, the graixi 
vatiee, the fibxee bdng nneh more oompaot in some oases than 
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in ei&ai. Splitting of wood is a Bspaiation between oontignona 
flbiM. In foot, a piece of wood La to some extent analogous to 
a rope, the fibres in each being placed side by side; the diffe- 
reneo lies in tius, that in the first place the fibres of wood are 
not tiaisted like tiiose of the rope, and in the second place that 
the fibres of the wood adhere together, while those oE the rope 
do not. The fibres of wood are also short. Wrought-iron, when 
rolled into bars, presents somewhat of a fibrous stmetnre in the 
direotion of its length; this is secii when one of those bars is 
tom asunder. 

The nail has two completely different re-siatances to ovorcomo. 
It has, in the first place, to compress the fibres of the wood, so 
as to mako a hole for its entry. After it has. entered, ns it is 
somewhat of a taper form, while the point is dividing iho fibres 
and compressing them on each side, the eidos of the nail must 
still be compressing the fibres, as the hole lias to lin made larger 
and larger, to admit the tapering noil. One part, thrm, of the 
force of the hammer is expended upon oomprossion of tho' 
fibres i but there is another force to be overcome by the nail, 
and that is tho frietion against tho sides of tho hole—^tho nail is 
pressed with great force against tho wood, and there is, there¬ 
fore, a groat deed of friction produced. Tho relative amounts of 
thoso forces it is not easy to determine; it is probable that in 
hard woods the first is the most important, while in very soft 
woods the proportion which tho latter bears to tho former is 
doubtless greater, but both added Hiogether produce a very 
largo amount of force, which has to bo ovoroome by the blows 
of the hammer. 

Before driving a nail into wood it is often usual to boro a 
hole for it with a bradawl, and the exertion of making a hole is 
a measure of the rosislanoe produced by compression of 
the fibres. The extremity of the bradawl is bevelled, as 
shown in Fig. 1. This bevollod edge must, as every one 
knows, be placed at right angles to tho grain of tho wood. 
When pressed downwards it divides tho fibres, and then 
oompresses them in the direction of the length of tho 
fibres. In so doing, there is little tendency to split tlio 
Fig. 1. wood, for the wedgn-sliaped extremity is never om- 
ployed in forcing the fibres apart. But if tho edge of 
the bradawl he placed parallel to the fibres, then as tho wedge 
enters it forces the fibres apart; and if it bo cosier to split the 
wood than to oompross the fibres together, the former catas¬ 
trophe happens. The resistance of tho wood to splitting is mco- 
snred by the area of the surfaces wliich would have to bo 
separated; henco in tho middle of a largo piece of timber 
splitting will not occur, however tho bradjiwl be introduced, 
beoanso, though the resistance of the fibres to oomprossion is 
still as groat as before, yet the reaistanoo to splitting lias boon 
increased to be greater than the resistance to compression. 

Tho hole having been bored for tho reception of the nail, tho 
amount of work to be done by the hammer is diminished nntil 
the nail completely fills the hole, aprl then, of conrso, tho further 
resistance is tlio same as if no hole had been bored. 

In order to express the amount of force which tho hammer 
exerts upon tho noil, wo must ooiisider what weight must bo 
laid npon the head of the nail in order to force it into the wood. 
This force must cvidoiilly be enormous. A nail requires a very 
large force to pull it out, when friction alone is retaining it, and 
to force it in must of conrso require a very much larger force. 
We may, therefore, be assured that a force at all events of some 
hundredweights would have to be hud npon tho head of a two- 
inch nail, in order to force it into the wood. It is, of oonrso, 
meant that tho pressure of this weight is to bo simply borne by 
the nail: we do not mean that the head is to receive a blow 
with this amount; it would, of course, not be possible to place 
a heavy load on the head of tho nail directly; wo must produce 
the effect by means of lovers, or some similar contrivance. 

How the head of tho hammer must bo capable, when it 
delivers a blow npon the head of tho nail, of developing a foroo 
for a short time equal to the oontinued prossure that would bo 
produced by a load of many hundredweights; hence the hammer 
is a meoha^oal power, for it transforms the power of the hand 
into a far larger force. W^t is the oanso of this property of 
the! hammer? It depends npon'a remarkable force called the 
force of' inertia, Md may also be viewed in connection with 
the principle of woric to which we have already so often re- 
fsned. We shaB first oonsidor it in tho former aspect, and 
afterwards in the latter. 


To sot a body in motion requires tho exertion of force. This 
is BO evident, following as it docs from the definition of taase, 
that it is not necessary to dwell upon it. To set the head of 
the hammer ia motion the force of the hand is required. Bsii 
when a body has boon set in motion, it reqiii|lta force to stop it. 
This is nearly as evident as the former statement. When a 
railway train ia in motion, it would require a prodigious force to 
stoj) it. When a stone drops upon 'the ground, it is stopped by 
the force of roaetion which tho ground exerts upon it. In short, 
to choago tho condition of a body as to arrest a motion reqniros 
the exertion of force. Now action and reaction are equal and 
opposite; this is a profound law of Nature not always easy 
to comprehend. In tho present caso it assorts that when any 
force acts npon a body to stop it, tho body reacts with an equ^ 
force npon tho body which oiidoavoors -to stop it. 

Hence, when the head of tho hammer ewnes into ooutaot 
with tho iMill, tho head of tho nail acts upon the hammer, and 
tho hammer reacts npon tho nail. This force of reaction 
may bo onormouely groat. Tho amount of tho force depends 
npon the amunnt of motion whieh the nail makes. If the nail 
move but a very small way, tho force is groat; but if tho nail 
yields easil}', the force is comparatively small. This will be 
evident from tho obvions circumstance, that a rapidly moving 
Ijpdy exerts a prodigious force of reaction upon any body which 
endeavours 'to stop it suddenly, but if tho body be etopped 
gradually it exerts a much less foroo. 

Hut tho action of tho luimmcr may bo viewed in another way, 
which -will perhaps make the matter clearer. Wprk or energy, 
as we have already explained it, may be stored up in a moving 
body. Thus, for example, a cannon-ball when in motion has a 
quantity of energy imparted to it by tho explosion of tho gun¬ 
powder ; this energy is stored in it until tho ramion-ball meets 
a wall or other obstaolo, tho energy is then instantly transferred 
to the destruction of what is opposed to it, and the ball, having 
spent its energy, comes to rest. That work ia actually in the 
hall may be at once realised, if wo remember that a cannon-ball 
might bo shot straight up into the air. Thus, suppoao a ball of 
100 lb. weight ascended 1,000 feet, tho ball contained safficient 
energy 'to acoomplish 

100 X 1,000 = 100,000 

foot-pounds of work. Whatever be tho moving body, tho way 
to estimate ‘the quantity of energy it contains ie to seo how 
high in tho air its velocity would raise it. 

If a body wore moving with a certain velocity, the laws of 
Meohauios toll us that the height to which it would ascend if 
projected vertioally upwards with that velocity is 
(velocity',* 

' " Ci' 

If, therefore, wo multiply this height by the mass of the body, 
wo have as product tho number of units of work tliat tho body 
is capable nf doing before it comes to rest. 

Lot us apply these cunsideratiuns to tho case of tho hammer. 
Wo shall Bupposo a hammer, the head of whieh weighs 1 
pound. Now the head of tliu hammer is not merely allowetl 
t4i fall upon tlio noil, but is impelled downwards upon It by a 
considenvble velocity. Wo may suppose, at all events, that 
when the head of the hammer roaches tho nail, it is at that 
instant moving with a vjilooity of 20 feet per second. Now, 
by the rule already given, a body projected vertically upwards 
■with a velooity of 20 foot per second would ascend to a 
height— 


This is certainly within the mark, for it is probable the velooity 
exceeds 20 feet.' The q'uantity of ■work stored in the hammer 
is, then, Buffioient to roiso 1 lb. C'2 fool high, or, in other woi-ds, 
the hammer oontoins 6‘2 units of work. All this work is ex¬ 
pended upon 'tile nail, and lot us suppose that the nail is forced 
into the wood ono-tenth of an inch by one blow. Tho nail muet 
then react npon a hammer with a snffioient foroo to consume 
the entire 6 2 units of work when tho hammer moves through 
one-tenth of an inch. 

Let F be the force with whieh the hammer and nail react en 
each other, then the number of units of work done in forcing 
the nail into tbe wood ia 

F X O'l" + 12; 
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bnt tliid must bo equal to the number of uniti of irork vhioh 
the hammer expends, hence ve must hare 


from irhioh we fin^ 


P X 0-1" + 12 = 6-2, 
P = W4, 


Hence the pressure exerted on the head of the noil is at least 
744 lb. This is a rcry large force, equal to a third of a ton. 

But Buppoeiug the nail hod only entered 0‘05", wo shall easily 
find by the same process that the prosaure exerted is 1,488 lb. 
Henoe wo see that, according as the work is harder—^that is, 
according as the nail enters loss at each stroke—the force of the 
blow beoomos groater. Thus the hammer is a mechanical power 
most admirably adapted for the purposes it fulfils. 

The pile-driver is on osamplo of the hammer which is well 
adapted to illustiate these principles, A pile is a large piece of 
timber, shod at one end witli an iron point, and provided with a 
hoop of iron surrounding it at the other end; the pointed end 
)M forced into the ground by means of heavy blows dclivorcd 
upon the other end. The mode iu which those blows aro given 
is estromcly simple. A massive iron weight slides up and 
down on a vertical frame, by moons of a lifting crab or a steam- 
cngino; this weight is raised to a considerable height, and thtui 
Jet fall upon the head of the pile; those blows aro repeated until 
tlie pile has been driven so far that the blows piroduoo but little 
effect. Now, if we suppose that tho mass of the monkey in a 
pilo-ongiue is 500 il>., and that the monkey is raised to a height 
of 20 feet, and then allowed to fall, the number of units of 
work that have been stored up in tho monkey, and which it 
is theroforo capable of exerting, is 


500 X 20 = 10,000. 


Hence 10,000 units of work will bo expended upon the pile. 
Now suppose tliat tho pile be only driven 1" into the ground by 
the blow. Let us calculate tho pressure which has boon exerted. 
Since 1” is ono-twelfth of a foot, we have for tho force » 


F = 10,000; . ■. F = 120,000. 

lienee tho pile is urged downwards for tho spaoo of 1" by a 
pre-isniv of lao.tHtOlb., that is, a force of upwards of 50 tons. 

AVhcii the pile has been driven some distance, it movc-s loss 
and less under each blow; consequently, as wo Imvo already 
oxpiaiued, tlio ui.aguituJo of the forco wliich each blow preduees 
is incroasnd. When the pile “ refuses,” os it is technically 
tennod, wo arc then assured that it can withstand a forco of 
onormuus niaguitnde, and. tliereforo, is capable of siqiporting tho 
buildings or whatever t-Lso the pile may bo intended to sustain. 


The ancients probably employed tho simple process of 
S])littiiig for the piu'pui-o of dividing timber; but such a process 
is wastol'nl, both uf material and time. Tliis rude method has 
boon replaced by the saw, which, in different forms, is doubtless 
tlie most important tool used in llto working of wood. Wc 
shall afterwards return to tho subject of tho machinery used iu 
sav^-mills, and therefore we shall not here discuss tho circular saw 
and other special applications of tho saw, but shall ooufino 
onrsolvus to a general sketc.h of tho proct'ss of sawing. 

We have already described tho structure of wood as con¬ 
sisting ef multitnde.s (ff fibres placed side by side. In sawing a 
piece of wood with tho grain, tho teoOi of the saw tear away 
these fibres without nocos-sarily cutting them across; in sawing 
against the grain, however, the fibres have aclnolly to bo 
divided. This is tho reason why a saw used for cutting along 
the grain, called a hand-saw, has larger teeth than a saw which 
ie used for cutting against the grain, called a tenon-saw. The 
method of sawing is also applioablo to other materials besides 
wood. Klarble and other .soft stones ore frequently ont by saws 
speeially adapted for the purimse. In those cases the sawing is 
really aoeompanied by a grinding process. The particles of 
stone which are removed ore comminuted into very small 
partdales. 

Some very valuable remarks upon saws and other tools aro to 
bo found in Holtsappfel’s treatise on '‘Turning and Meohanioal 
Manipulation." From this work the following account is 
fioudenied 

“ The blade of the saw is a thin plate «f steel rolled of equal 
tiiiokness s the teeth are then punched along its edge i^vionsly 
to the blade being hardened amd tempered. After tl^ process 


the saw is flattened by hammering. The blade is then groiind 
upon a grindstone of oonsiderahle diameter, and principally 
crossways, so as to reduoa the thiokness of the metal from the 
teeth towards the back. Whan, by means of the hammer, the 
blade has been rendered of uniform tension or eioaticity, the 
teeth ore sharpened with a file, and slightly bent to the right 
and loft alternately, in order that thqy may out a groove so 
I much wider than the general thiokness as to allow the blade to 
pass freely through the groove made by itself. The bending is 
called the ‘ set' of the saw. The angles of the points of the 
saw-teeth are more acute in proportion to the softness of the 
material to be sawn. 

“ In using tho hand-saw, the left hand is ai^plied to the board, 
in order tlmt tho end of the thumb may be placed just above 
the teeth.and against the smooth blade of tho saw, to guide it to 
the lino. The saw ia then drawn backwards and forwards a few 
times with light pres.aure, to make a slight notch. In tho first 
few strokes the length and vigour of the stroke of the saw ore 
gradually iuereased, until tho blade has nmdo a cut of two 
to four iuchos in depth, after wliioh the entire force of the 
right arm is employed, the saw is used from point to heel, and, 
iu extreme cases, the whole force of botli arms is used to urge 
tho saw forwards. 

“ In order to acquire the habit of sawing woll, or, in fact, 
of performing woll most mechanical operations, it is desirable to 
become habitmitod to certain definite x>ositious; thus, in sawing, 
it is butter tho work should as often as practicable bo placed 
oithor exactly horizontal or vertical; the positions of tho tools 
and tho movements of the person wUl then bo constantly either 
horizontal or vertical, instead of arbitrary and iiiollned.” 

THE FILE. 

This useful tool deiiends for its action uiion the same prin- 
oix>les as tho action of tho saw. Tho file is comx>osoil of a i>iece 
of steel whi.-h has first boon ronghonud by a speuial process 
called file-cutting, and then rendered intensely hard. The file 
is used for removing small quoutiides of motal from a surface. 
The work is iield firmly iu a vice, and tlie file ia moved back¬ 
wards and forwards by the workman. Simple as the process uf 
filing appear.s to lie, a great deal of skill is domoudod in order 
to do work with it as it should bo done. Tho ridges on the 
file detach small partiolcs of tho work; the finer the file, the 
smaller aro tho particles which are removed. Polishing with 
rougo is iu reality a jirocess of filing; the particles of rouge are 
extremely small and oxtremoly hard, said they remove extremely 
small xiarticlos of the surface, and thus iiolish it, for a pohsUbd 
Hurfaeo ia not absolutely smooth. When magnified, it is seen 
to bo rough, but tho irregularities aro very small; the rouge 
romoves uli irregularities above a certain magnitude. 

Holtzappfel thus describes tho manufacture of files;—“ The 
pieces of steel or tho blanks intended for files are forged ont of 
bars of steel that have boon either tilted or rolled as nearly as 
possible to the sections required, so as to loavo but littls to be 
done at tho forge; tho blanks are afterwards annealed with tho 
greatest caution, so that in none of the processes the tem¬ 
perature known as the biood-red heat may be exceeded. The 
surfaces of tho blanks are now roudorod acenrate iu form and 
<(uito uloan in surface, either by filing or grinding. In Warring¬ 
ton, whore small files are made, tho blanks are mostly filed into 
shape, as tho more exact method. In Sheflield, it is oustomory, 
in tlio manufactui'C of large files, to grind, the blanks on the 
grindstone as the more expeditious method; but tho best of the 
small files aro hero also filed into shape, and in some few oases 
tho blanks are placed in the planing machine for those called 
dead parallel files, tlie objeot being in every case to make the 
surface cloan and smooth. The blank before being ont is 
slightly greased, that the chisel may slip freely over it, as will 
be explained. Tho file-cutter when at work is always seated 
before a square block or anvil, and he places the blank steoight 
before him, with the tang towMrds his person; the ends of the 
blank are held down by the leather straps or loops, one of which 
is held fast by each foot. 

“ The ridges are out by means of a ohisel, which, for larger 
files, at Sheffield, ia 3 ineihes long, 2^ inches wide, and has a 
cutting-edge at an angle of 50*. first out is made at Che 
point of tile file; the blow of the hammer upon tiie ehiaal 
causes latter to indent and ali^fly drive forwards tiie stea. 
thereby tiirowhig up a trifling ridge or burr. The chisel is i>a» 
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mediktdy lepkoed upon the bhmk, and slid from the operator 
tmtil it enoounters the rid^ prerioiuly thrown up, which 
atreete the ohirnl, or prevents it from elipping farther baok, 
and hereby determines the inooeeding position of the ohieel. 
The tovier the blow Ihe greater the ridge, and the greater the 
dietanee from the preceding ont at which the chisel is arrested. 
The chisel having been placed in its second position is again 
stmok by the hammer, which is made to give the blows as 
nearly as possible of uniform strength ; and the process is re¬ 
peat^ wi^ considerable rapidity and regularity, sixty to eighty 
cats being made in one minnte, ontii the entire length of tlte 
file has bMn cat with inclined, parallel, and equidistant ridges, 
which are collectively denominated ' &at course.’ So far as 
this one face is concerned, if the flic is intended to be single-out, 
it would then be ready for hardening. Most files are, however, 
donblo-ent, or have two courses of chisel cuts; and for these the 
surface of the file is now smoothed, by passing a smooth file once 
or twice along the face of the teeth, to remove only so much of 
the roughness as would obstruct the chisel from sliding along 
the face in receiving its successive positions, and the file is again 
greased. If the file is flat, and to be cut on two faces, it is 
now turned over, but to protect the teeth from the hard face of 
the anvil a thin plate of pewter is interposed. In cutting files 
they almost always become more or less bent, and there would 
be danger of breaking them if they were set straight while 
cold; they are consequently straighthned whilst they are at the 
red heat, immediately prior to their being hardened and tem> 
pered. Previonsly to their being hardened, the files are drawn 
throngh beer-gronnds, yeast, or other sti(^ matter, and then 
through common salt, mixed with cows’-hoof, previously 
roasted and pounded, and which serves as a defence to protect 
the delicate teeth of the file from the direct action of the fire. 
The oomponnd likewise serves as on index of the temperature, 
as on the fusion of the salt the hardening heat is attained. 
The file thus prepared is gradually raised to a dull red, and is 
then straightened with a leaden burner on two small blocks of 
load; the temperature is afterwards increased until the salt 
just fines, when the file is immediately dipped in water. The 
tangs ore next softened, to prevent their fracture: this is dose 
by immersing the tong in a bath of melted lead. The tong is 
afterwards cooled in oil. When the file has been cleaned it 
is fit for use.” 

TBX CHianL. 

This tool depends for its action upon principles very different 
from those of the saw or file. Wo take the chisel as the tyi )0 
of a cutting tool, and we must first consider in what the act of 
cutting ooniistB. Wo shall again borrow from the admirable 
anthority (Holtzappfel) already referred to:— 

“ If we drive an aze or a thin wedge into the centre of a 
block of wood, it will split the same into two parts, through 
the natural line of the flbrea, leaving rough uneven surfaces, 
and the rigidity of the mass will cause the rent to precede the 
edge of the tool. The same effect will partially occur when wo 
attempt to remove a stout chip from off the side of a block of 
wood with the hatchet, adze, paring-knife, chisel, or any similar 
tool. So long as the obip is too rigid to bend to the edge of 
the tool, the rent will precede the edge, and with a naked tool 
the splitting will only finally cease when the instrument is so 
thin and sharp, and it is applied to so small a quantity of the 
material that the shaving can bend to the tool, and then only 
will the edge be cut, or exhibit a tme copy of the edge of 
the inatmment, in opposition to its being split or rent, and con¬ 
sequently showing the natural diamptiou or tearing asunder 
of the fibres.” 

” For paring a largo or nearly horizontal surface, the adze is 
tile proper instrument to be employed. The tool is hold in 
both hands, whilst the operator stands upon his work in a stoop¬ 
ing position; the handle being from twenty-four to thirty inches 
long, and the weight of the blade from two to four pounds. 

” The adze is swnng in a circular path almost of the same 
curvature as the blade, the shoulder-joiut being the centre of 
motion, and the entire arm and tool forming as it were one in¬ 
flexible radius. The tool, therefore, makes a sucoeBsion of small 
arcs, and in each blow tiie arm of the workmau ia brought in 
contact with the thigh, which thus eerves as a atop to prevent 
accidents, la ooane preparatory works, the workman directs 
tile adze into the spaoe between ^ two feet; he thus surprises 
ns by tile quantity of vrork removed. In fiine works he fre¬ 


quently places his toes over the spot to be wrought, and the 
adze penetrates two or three inches beneath the sole of his 
shoe, and he tfans surprises ns by the apparent danger yet 
perfect working of tiie instrument, which, in the hands of the 
shipwright in paridonlar, almost rivals the joiner’s plane ; it is 
witii him the nearly universal paring instrument, and is used 
upon works in all positions.” 

“ The chisel when inserted in one of the several forms of 
stocks or guides becomes the plane, the general objects being to 
limit the extent to which the bladis can penetrate the wood, to 
provide a definitive guide to its path or direction, and to re¬ 
strain the splitting in favour of the cutting action.” 

“ It is wcE known that most pieces of wood will plane better 
from one mid than from ike other, and tiiat when snch pieces 
are turned over they must be changed end for end likewise. 
The necessity for this will immediately appear if we remember 
the fibres of which the wood is composed. It rarely happens 
that the fibres will bo exactly parallel to the face of the work; the 
plane, then, when working with the grain, would cut smoothly, 
as it would rather press down the fibres than otherwise, whereas 
when the piano is used in the other direction it will meet the 
fibres cropping out, and bo liable to tear them up.” 

“The handsome characters of showy woods greatly depend 
upon all kinds of irregularities in the fibres, so that the diroc- 
!\ion in which the plane should be applied is continually chang¬ 
ing. Even the most experienced workman will apply the 
smoothing-plane at varioue angles across the different parts of 
snob wood according to his judgment. In extreme coses, when 
the wood is very knotty, the plane can scarcely be used at all, 
and such pieces ace finished with the steel scraper.” 

PRINCIPLES OF DESIGN.—VIII. 

By CHiusTOPBsa DazssxB, Fh.D., F.S.L., etc. 

SOUIi OENEBan ABT FB1NCIPLE8. 

I INTENDED devoting this chapter to the consideration of fumi- 
ture, and of the art prinriples which are involved in its forma¬ 
tion : but I feel that there are principles which have not yet 
been considered that are so important, and of such general ap¬ 
plication, that I cannot pass to consider any one art manufacture 
till these have been considered. 

The first principle to which I must ask your attention is 
utility, for the first aim of the desigmer of any article must be 
to render the object which he produces useful. I may go 
further to say, that an article mnst be made not only useful, 
but as perfectly snited to the purpose for which it is intended 
as it can bo. It matters not how beautiful the object is in¬ 
tended to be; it must first be formed as though it were a mere 
work of utility, and, after it has been oarefuU; created with this 
end in view, it may then be rendered as beautifnl as yon please. 

There are specif reasons why our works should be useful ns 
well as beautiful, for if an object, however beautiful it may be 
in shape, however richly covered with beautiful ornaments, or 
however harmoniously coloured, be unpleasant to use, it will 
ultimately be set aside, and that which is more convement for 
nse wiU replace it, even if the latter bo without beauty. As an 
illustration of this fact, let us suppose the balustrade railings 
of a stairoaso very beautiful, and yet furnished with such pro¬ 
jections as render it almast impossible that we walk np or down 
the stairs without tearing our dress, or injuring the person, and 
how soon will our admiration of the beantifol railing disappear, 
and even be replaoed by hatred! In like manner let the handle 
of a door, or the head of a poker, bo so formed as to hurt the 
hand, and the simple round knob, or round head, will be pre¬ 
ferred to it, however ornamentally or beantifully formed it 
may be. 

In relation to this subject. Professor George Wilson has said: 
“ The conviction seems ineradicable from some minds, that a 
beautiful thing cannot bo a nsefnl thing, and that the more you 
increase the beauty of the necessary furniture or the implements 
of every-day life the more you lessen their utility. Make tiie 
Queen’s sceptre as bcantiful as you please, but don’t try to 
beautify a poker, especially in cold weather. My lady’s vinai¬ 
grette earve and gild os you wiU, but leave untouched my 
pewter inkbottie. Put fine furniture, if yon choose, into my 
drawing'TOom; but I am a plain man, and like nsefnl things in 
my parlour, and so on. Good folks of this sort scorn to labour 
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tmdar tlie impression that the secret desire of art is to rob 
them of all comfort. Its imoonfessed but aotual aim, thejr 
believe, is to realise the faith of their ohildhood, when it was 
understood that a monarch always wore his crown, held an orb 
in one hand and a sceptre in the other, and a litoral interpreta¬ 
tion was put upon Shakespeare’s words, 

“ ‘ irneBSy lies the hoad that wears a crown I ’ 

Wore art to prosper, farowoll to firo-proof, shapeless slippers, 
wliioh bask like salamanders unharmed in the hottest blaze. 
An assthetio pair, modelled upon Cinderella’s foot, and covorod 
with snow-white embroidery, must take their place, and dis¬ 
pense chilblBins and frost-bite to miserable toes. Farewell to 
Aooting-ooats out a little at the ulbows, to patched dressing- 
gowns, and hair-cloth sofas. Nothing but full dress, vamisliod 
boots, spidur-lcggcd chairs, white satin chair-covers, alabaster 
ink-bottles, velvet door-mats, and scrapers of silver or gold. 
It is astonishing how many pooplo think that a thing cannot bo 
comfortablo if it is lieaatifui. ... If there be one truth 
whioli the Author of all has taught us in his works more clearly 
ihan another, it is the perfect compatibility of the highest 
utility with the grootest beauty. I offer yon one example. All 
are familiar with the beautiful shell of the nautilus. Give the 
nautilus itsolf to a matliomaticiau, and ho wUl show yon that 
one secret of its gracefulness lies in its following in its voluts 
or whorl a particular geometrical curve with rigid precision. 
Pass it from the mathematician to the natural phUosophor, and 
he win show you how the simple saperpositiou of a great 
number of very tbin transparent plates, ond the close approxi¬ 
mation of a m^titudo of very fine engraved lines, are the cause 
of its exquisite pearly lustre. Pass it from the natural pliilo- 
sopher to the enginoor, and he will show yon that this fairy 
shen is a most perfect practioal maohiue, at once a sailing 
vessel and a diving-bell, in which its living possessor had, cen¬ 
turies before Archimedes, applied to utilitarian ends the law of 
speoiflo gravity, and centuries before Halley hod dived in his 
boll to the bottom of the sea. Pass it from the ongineor to the 
anatomist, and ho will* show yon how, without marring its 
beauty, it is ocoupiod during its lifetime with a most orderly 
system of towing and sailing tackle, chambers for food, pumps 
to keep blood circulating, ventilating apparatus, and hands to 
control all, so that it is a modal ship with a model mariner on 
board. Pass it lastly from the anatomist to the chemist, and 
ho will show you that every part of the shell and the creature is 
oomponndod of elements, the relative weights of which follow 
in each individoal nautilus tho same numerically identical 
ratio. 

“ Such is tho nautiltis, a thing so graceful, that when wo look 
at it, wo ore content to say with Keats— 

“ * A thing of beauty is a joy for ever;* 

and yet a thing so’thoroughly utilitarian, and fulfilling with 
the utmost perfection tho purely practical aim of its coustmo- 
tion, that our shipbuilders would bo only too thankful if, though 
suenfioing aU beauty, they oould moke their vessels fulfil their 
business ends half so well.” 

■Viewing our snhjoct in another light, and witii special re¬ 
ference to architociuri^, we notice that uidoss a building is 
fitted for the purposu intended, or, in other words, answers 
utilitanau ends, it cannot bo estoomo^as it otherwise might bo, 
even though it bo of groat msthcliu bonuty. In respect to this 
subject, Mr. Owen Jones has said, “ The nave and aisles of a 
Qofiio ohuroh booomo absurd whoa filled with pews for Pro- 
testant worship, where all are required to see and hear. Tho 
columns of the nave which impede sight and sound, tho aisles 
for proooasions which no longer exist, rood-screens, and deep 
ohanoels for the concealment of mysteries, now no longer such, 
are oil eo many useless reproduntious which must bo thrown 
aside.’' Further, ” As oroUtoeture, so all works of the deoora- 
Uvo arts, should possess fitness, proportion, harmony; tho 
result of all which ia repose.” Sir Digby Wyatt has said, “ In¬ 
finite variely and unerring fitness govern ail forms in Nature.” 
Vitruvius t ” The perfection of all worki depends on their fitness 
to tuiswm the end proposed, and on prinoiplas resulting from 
a oonaidera^n ot Nature ite^.” Sir Charles L. Eaetiake r “ In 
every ease in Natnra. where fitness or atiU^ can be traoed, 
the tfimiaeteriatie quality, at relative beautyi is found to be 
Identical with that fltnew.” A.W. Fngia; “How many 


objeets of ordinary use are rendered monstrous and lidionloua 
simply because the artist, instead of seeking tho most oon- 
venieut form, and then deootating it, has embodied soma ex¬ 
travagance to conceal tho real purpose for which the article has 
been made.” And with the view of pointing out how fitness for, 
or adaptation to the end proposed is mauifosted in tho strua- 
tnre and disposition upon the earth of plants, 1 have written 
in a little work now out of print; “The trees which grow 
highest upon the mountains, and the plants which grow upon 
tho unsheltered plain, have usually long, narrow, and rigid 
leaves, which, owing to their form, are enabled to bear ^e 
fury of tho tempest, to which they arc exposed, without injury. 
This is Boeu in the case of the species of fir which grow at 
groat altitudes, where the leaves are more like needles than 
leaves as they commonly occur; and also in the species of 
heath which grow upon exposed moors; in both cases the 
idants are, owing to the form of the loaf, enabled to defy the 
blast, wliilo thoso with broad loaves would bo sheltered and 
destroyed. 

“ Notionly ia tho form of loaf sneh as fits these plants to 
dwell in such inho.spiiablo regions, but other oircumstances 
also tend to this result. Tho stems ore in both coses woody 
and flexible, so tiiat while they bond to tho wind they resist 
its destroying infinence by their strength and elosticiiy. 
In relation to the stem of the papyrus,” which is a plant 
coustantly mot with in Egyptian ornaments, “ Sir W. J. 
Hooker meutioiis on interesting foot which numifests adapta¬ 
tion to its position. This plant grows in water, and attaches 
itself to tho margins of rivers and stroama, by sending forth 
roots and evolving long nndergi'onnd stems in tho alluvinm of 
tho sides of tho waters. Owing to its position it is exi>osod to 
tho influences of tho current which it has to withstand, and 
this it does, not only by having its stems of a triangular form 
—a shape well adapted for withstanding pressure—but also 
by having them so plocud in relation to tho direction of tho 
stream, that one angle always meets tho enrront, and thus 
separates tho waters as does tho bow of a modem stoam-sbip.” 

1 might multiply illustrations of this principle of fitness, or 
adaptalisn to^urpose, as manifested in plants, to on ^most in¬ 
definite extent; but when all hod been said, we should yet have 
but the simple truth before us, that tlio primary object whioh 
wo should Iwve in creating any o)>joct, is that of rendering it 
perfectly fitted to answer tho proposed end. If those works 
' whioh are beautiful were but invariably useful, as they should 
bo; if those objoots which are most beautiful were also tho 
most convenient and nsofnl—and there is no reason why they 
shoold not bo so—how the beautiful would bocomo loved and 
sought after. Cost would be of little moment, tho price would 
not bo complained of, if boantiful objects wore works of perfect 
utility. But, alas ! it is far otherwise ; that which is useful ia 
often ugly, and that which is beautiful ia often inconvenient to 
use. This very fact has given rise to tho highly absurd fashion 
of having a second poker in a drawing-room set of fire-irons. 
The one poker is ornamental, possibly, but it is to bo looked 
at; tho other is fur use, and as it is not to bo looked at is 
hidden away in some comer, or close within tho fender. I do 
not wondor at tho second poker being required; for uineteeu 
oat of every twenty pokers of on ornamental (?) oharacter 
whioh I hare seen duritig the lost few years wo^d hurt tho 
hand so insuiferably if they were used to break a lump df coal 
with, that it would almost bo impossiblo to employ them con¬ 
stantly for such a purpose. But why not abolish the detest¬ 
able thing al together ? If tho poker is to be retained as an 
omameut, place it on tho table or chimney-piece of your 
drawing-room, and not down on the hearth, whore it is at snob 
a distaiico from the eye that its beauties cannot be discovered. 
It is no use saying it would bo out of place iu siich a positioiu 
If to poke the fire with, its place is within the fender, if it i3 
an ornament^ it should be pla^ where it con be bast seen—^ia 
a glass ease, if worthy of proteetiou. 

I hope that suflBoient has now been said upon this tdl-impor- 
taut necessity, that if an object is to be beautiful it should also 
be useful, to cause ns to consider it os a primary princqde of 
design that all objects whioh we create must be useful. To 
tins as a first law we shall constantly have to refer. iVhen we 
construct a chair we shall Usk, ia it asaful ? is it strong? is it 
properly put together P could it be stronger wiihqpt aaing more 
or » atnmger material P and then we ahonld consider whetimr it 




TBOHHIOAL DBAmNG. 


I ia baantifal. When vo design a boWe we ehall inqniio, is it repeated witb regolarity. Of thomeulvus repetition and order 
nsefnl? is it all that a bottlo should be P could it be more neefnl P can do much. 

«nd then, ie it beautiful P When we create a gas-branob we AUcmalion ii a principle of primary {m])orfanc8 in certain 
shall ask, does it fnlfil all requirements, and perfectly answer ornamental compoaitiiyM. 

the end for which it is intended ? and then, is it beautiful P In the case of a flower (as the buttoroup, or ohickweed, for 
And in relation to patterns merely, we shall also hare to make example), the coloured loaves do not fall over the green leaves 
similar inquiries. Thus, if drawing a carpet design, wo shall (the petals do not fall over the sepals), but botween thorn—they 
inquire, is this form of ornament suitable to a woven fabric P alternate with them. Tliis ]irinciple is not only mtuiifestod in 
is it suitable to the particular fabric for which it is intended P plants, but also in many ornaments produced in the best 
is the particular timtmont of the ornamont which we have periods of art. 

CLdopted the best possible when we bear in mind that the carpet Jf plaids are employed as omamenJs they mvst not ie treated 
has to be walked over, is to act in relation to our furniture imitaHvelij, hut must be conveatwnally treated, or rendered 
as a background does to a picture, and is to bo viewed at into ornaments. 


some distance from the eye P and then, is it beautifnl P Such 
inquiries we shall put respecting any object the formation of 


A monkey can imitate, man can create. 

Those arc the chief principles which we shall have to notice. 


which we may suggest: licncc, in all our inquiries, I shall, os I as involved in the production of ornamental designs. 


love art, consider utility before beauty, in order that my art The next essay will bo devoted to the consideration of art 
may bo fostered and not despised. fumitorc, but in it we shall have to disenss qnoStions involved 

There arc many subjects not yet named in these chapters in the oonatmotion of all art objects. 

which we ought to consider, but I must content myself by _ 

merely mentioning them, and you must bo willing to think of 

■them, and consider them with care as their importanco may TP'OTTNIPA 1 Til?AW 

demand. Some of them, however, wo shall refer to when con¬ 
sidering the various mannfttotnras. ^ DBA'WISfQ FOB MACHINISTI 

A prinoiple of great importance in respect to design is, that pbacticai, auoMBXKt 


TECHNICAL DRAWING.—XVIII. 

DBAWIBQ FOB MAOUINIBTS AMU EMOIMEEBS. 
PBACTICAI, auoMBTKt (runtinucd). 


the material of which an object is formed slunihl bo used in a Fio. 194 .—To draw a curve which shall be a portion of a cirele. 


manner eonsislent inth Us own nature, ami in that particular 
way in which it can be most easily worked. 

Another ptinciplu of ciiual importance with tliat just set 
forth, Is this: that wlun an object is ahout to be formed, that 
material (or those materials) lahirh is most appropriate to its 
formation should he sought and employed. Those two proposi¬ 
tions are of very great importanco, and the priuciplos which 
tliey set forth sbonld never bo lest sight of by ■tho designer. 
They strike at the very root of successful designing, for if 
ignored the ■work predocod cannot be satisfactory. 

Curves leill be femiid to he beautiful just as they are. subtle in 
character; those which are most suhlle in character being most 
beautiful. 


when the centre is not available. 

Tiot A It be the chord of tlio arc, and D o its rise. 

JP'rum A and n os centres, with the radius A it, deeoribe the 
arcs A B and n F. 

From A draw a lino through c, cutting the arc b P in a. 

From n draw a line through r, cutting tho ore A e in h. 

Divide A B Olid b a into any number of equal parts, as, 1, 2, 
8, 4, 5, and sot off a number of these parts from O and H, as a, 
b, e, d, c. 

Draw lines from A to 1, 2, 3, 4, 5, and from b to a, 6, e, d, e. 

Then it will bo soon that tho first line above h— viz., o— 
intersects the first lino below o—viz., 1—in the point x. 

In the same manner line 2 will intersuct b, lino 3 will inter* 


Tho ore is the least beautifnl of curves (I do not hero speak sect c, and lines 4 and S will cut d and e 
of a oirolo, but of tho line, as a lino, which bounds tho circle) j Proceed in the same manner on the opiiosito side, and through 
being struck from one centre, its origin is instantly dotoetoil; the interseotions traco tho curve by hand, 
while tho mind requires that a lino, the contemplation of whiqji For inking, u " templet ” may bo mudo ; and as this plan 
shall be pleasurable, must bo in advance of its Icnowledgo, and ! will bo rccummended in several other Citsos, the mode of making 


while tho mind requires that a lino, the contemplation of whiqji • For inking, u " templet ” may bo made ; and as this plan 
shall be pleasurable, must bo in advance of its Icnowledgo, and ! will bo rccummended in several other ectsos, the mode of making 
call into activity its powers of inquiiy. Tho elliptic curve, or I this useful article is given. 

curve bounding tbo ellipse, is more boimtifnl than tho arc, for \ Draw tho figure accurately on a smooth piece of voneor of 
its origin is not so strikingly apparent, being formed around • other thin wood; if of a light colour, so much tlie bettor; or a 
two cojitroB. The curve of tho egg is moro bcantiful still, being | small quantity of veneer may bo kpj)l by yon, with thin white 
formed around throo centres. As tho number of contros ncocs- | glued over it. 

sary to tho formation of a curve inoroosc.s, the illffioulty of (lut ont tho form near to the lino required, and bring it 
dotooting its origin also inoreases, and the variety which tho exactly np to tho miu'k by itioans of a fine file; a half-round 
curve presents is also proportionally great ; tho variety boing file is best for this, as it enables you to finish up concave as 
obviously greater as tho number of tho centres from which it well os convex curves. Tho final smoothing is then to be done 


is struck is increased. 

Proportion, like the curve, must be of a subtle n ature. 

A surface must ne.ver bo divided for tho purpose of docom- 
tion into halves. Tho proportion of 1 to 1 is bad. As pro* 


with vory fine glass-imper, and in this process tho odgos should 
be slightly bevelled off (as already advised in tho case of sot- 
squares), in order to prevent the ink dragging on tho paper. 
Sots of curves of different radii and “French curves” of 


portion increases in subtlety it also iucroiises in boau'ty. Tho various forms may be purchased, and though these will be 
proportion of 2 to 1 is little hotter: tho iiroporidou of 3 to 8, found vory useful in their way, the above hints are given, os it 
or of 5 to 8, or of ."i to 13, is, however, good, tho last named is doemod advisablo tospromoto solf-hclx) as much os i>oaBiblo. 
being tho best of those which I have adduced ; for tho pleasure Tho student will remember that no imri.ion of a true ellipse is 
derived from the coutcmxdntion of proportion increases with a jmrt of a oirolo, and the curve cannot, then-fore, bo drawn with 
tho diffionltv of detecting it. This principle is true in relation compasses so as to bo mathematically correct; bnt there ore 
to tho division of a mass into primary segments, and of many ways in which figures nearly ajiproximatiiig to ollipsea may 
primary sogmonts into secondary forms, as well as in relation be drawn by ores of circles, which arc very useful for genei^ 
to grouping together parts of various sizes; hence it is worthy practical purposes. In mechanical drawing, therefore, figures 


of apsoiol note. 


approximating to ellipses are used, and have the advantage that 


A principle of order must prevail in every ornamental com- they eon be drawn by moans of compasses instead of by hand, 


position. 


The following method is given in addition to those which will 


Confnslon is the result of accident, order of thought and be found in “ Practical Geometry applied to Linear Drawing.” 


oare. The operation of mind cannot well be set forth in the 
absenoe of ttds prinmple; at least, the presenoe of a prinoiple 
of order renders the operation of mind at once manifest. 


To construct an elliptical figwe by means of arcs of circle* 
(Pig. 195). 

Place tho two diamotors A B and c D at right angles, and 


The repetUum of parts frequently aids in the production of interseoting each other at their middle point, B. 
ornamental effeds. , lljrom n on the line a B set off b F oqnal to B o. From X on 

The kaleidoseope affords a wonderfnl example of what tepeti* x o set off x o equal to x f. Draw o r, uid bisect it in i. 
tlon will do. The mere fragments of glass whieh we view ^ From x set off f * equal to f i. Draw t s pantUel to a x. 
tide iutrdment would altogether ful to please were they not From a set off x l and x u equal to a J. 


m 
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Pig. 197 


Complete the iqTaure ; s L v, and prodnoe the ridee bciyond 
J and L. The aaglea of the wpiaie are the centres from which 
the elliptioB} flgore may he drawn. 

' From K and H, with radius K d or H c, describe azos cutting 
the produced sides of the 
square in x, o and p, q. 

From 3 and i., with radius 
L a or j B, describe arcs 
joinisg H p and o q, whioh 
will complete the figure. 

Fig. 196 .—To liteet the 
gpaee contained between tioo 
line*, A and B, inclined to 
each other when the point 
at which they would meet ts 
iinaceeetible. 


Fig. 198 .—To divide a circle into any number cf equal 
parte. 

Tho following constructions, which require the oompaasea 
alone, are best made with the steel dividers, and tf two 

or three pairs oan be eror 
ployed, the distanoes (snoh 
as the radius of the circle), 
often required, can be ke^ 
unaltered. 

With the given radius de> 
scribe the circle, and divide 
it into sir parts in b, c, 

B, r,a. B B is a diameter, 
and therefore divides it 
into two. B D is the chord 
of g or ), and the dsdlB ia 



At any port of each line 
erect eq^ perpendiculsrs, 
as c X and n r, and from 
their extremities draw 
lines parallel to A and B, 
interoeotong in o. 

Bisect the angle » a r, 
and the line e h will bi> 
sect the space contained 
between the lines a and b. 

Fig, 107 .—-Jb deearibe a 
circle touting two given 
rirelM, A and B, and one 
qf them in a piwn point qf 
contact, c. 

3<&n ^e oentree n and x. 

Ueaw a line from c, passing through B, and produce it. 

At x draw x x parallel to B c. 

Draw c r parallel to a b, and produce it to o. 

Draw a e, and prodnoe it ui^ it intersects c B produced 
in». . . '. 

Ttcm H, with radius B c, describe the required circle, which 
win touch both the oirolee A end x, and one of them in the 
giveB point 0. 


divided in B, B, P into three 
parts. 

From .each end of the 
diameter b x, with the 
chord of B B or c B, de- 
Boribo arcs intersecting in 
Z.* Then the distance ax 
being set off from B and x, 
the circumference will be 
divided into four parts in 
B, 1, B. 

Tbe arc described with 
the radius A B from z, z 
ss centres will out the 
oircnmference in x, B, m; 
and N, which points bisect 
the quadrants B H, H B, B i, and I b, and thus divide the oirole 
into eight equal parts. 

The radius A b, set off from H, i to o, p, q, B, bisects the aroe 

* la all these construetions, In order to easure grtster seenisor. 
the STce should he described on both tides of the Has Jolatng 
oeatxss I fhas tbe pdat x should he found on both sides of 
dlametsr B s. 
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»o,D*,MT, iwd a B, vhioh oompleteB the trijMotioD of aaoh 
qtudnat, ena therefore divides the oirole into tuielve parts. 

Ihe rs^ns a b, set off from e, l, ic, and ir, both ways from 
aaeh pointi will bisect the two ares on each side of the eztremi- 
ties of the dianMtors, b x, i b in s, t, tt, v, w, a, a, b, and thns 
complete the division of '^e oirole into twmty-fowr pi^. 

Amj farther subdivision may either be done bf bisecting the 
eras already formed, or by trial. Urns each 
of ^ twerify-fonr parts being bisected, the 
oirole will be divid^ into forty-eight parts. 

All the foregoing constructions, by which 
the circumference is divided into twenty* 
tour parts, are performed, it will be 
se«i, by three distances only, the radios 


The division into forty parts may be effected by bisecting the 
arcs last found. 

These constructions will be found useful in drawing regular 
]^ygonB, and in dividing the oiroleB for toothed wheels. Of 
course no mote of the figure need be worked tlm.« is neoessary 
for tho immediate purpose. 

Fig. 200 .—To join two Unts, A B, inelmed to each other, by me 
ore of a drele. 

Produce A and B until they meet in o. 
Bisect the angle a c b. 

At n, the extremity of one of the lines, 
erect a perpendicular, cutting the line of 
bisection in x. From x, with radius b D, 
describe the arc n r which wfil meet A in r. 


Fig. 190. 



A B, the chord b s, and A z) consequently, if 
these be kept unaltered in sepasate pairs of 
dividers, ihe operations are performed with the 
greatest accuracy. 

Ih order to avoid confusion, the continua* 
tion of this problem is given in a separate 
figure 199). With the distance A x as a 
x^uB, from o, p, q, k (these points having been found as in 
the last figure), describe arcs intersecting in tiien the 
distance a T, or x t, will divide the cireumference into five 
equal parts in B, c, d, f, and a. The distance a t will bisect 
the arcs b o, o d, s p, etc., in s, i, x, x, h. andlhus divide the 
circle into ten pa^. 

The distance b t, set off from 8, T, the extremities of the 
diameter s t, perpendicular to b x, bisect the arcs d x, b h, 
X F, B L in iho points u, v, vr, z, and will thus give one-twentieth 
of ^e circn n i f erenoe. The same distance being set off from these 
points wdl bisect the other arcs of the decagon. 


If tlfe point c is not accessible, the angle 
must be bisected as shown in Fig. 196 ip the 
preceding page. This method of bisecting an 
angle should be carefully practised by the learner. 

Fig. 201 .—To draw a circle touching another 
circle in a given point, and passing through a 
given point lying without the circle. 

Let A be tho point at contact in the given oirole, and B tiw 
point lying without it. 

Th© centre of the required oirole will evidently lie wi to# 
radius o a produced, and on a perpendicular at the middle of a 
line joining a b, which line wfll bo a chord of the required 
oirole: therefore 

Produce o A to as great a length as my be neoesssty. 

Braw a from A to b, and bisect it ^ C. 

Produce the bieecting line until it outs o A produced in s. 
The point n is the centre of the required oinile, o a bdng the 
radius. 
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PROJECTION.—XII. 

QtTBSTIOITS FOB EXAUIKATION. 

Thb following qaesiaons, selooiod lot the most part firam tho 
papora giyon at the Ooronunont and other ezaminatione, aro 
append^ with tho view of cuabliug tho etadont to test hia own 
knowledge, aiid ae anggoatloiia to toachcra as to the mode of 
stating probloma on this object. It ia hopod that tho examples 
already given, and tho application of them, will have shown tho 
eonatmctioiia upon which all tlio queationa are baaed. 

1. Oive the plan and elovation of a line 3 inches long, when 
parallel to the vortical and horizontal ijlane, and 2 inches distant 
from eaoh. 

2. Give tho plan and elovation of this lino when it is at right 
angles to the vortical and parallel to tho horizontal plane, its 
height being 2 inches from the ground. 

3. Give the plan and elovation of the same lino, when tho 
former is a point, and tho latter a vortical lino 3 inches long. 

4. Give tho elevation and plan of tho same line when it is 
parallel to tho vertical, bat ia inclined to tho horizontal plane 
at 70°. 

6. Give the plan«nd elevation of tho line, when it is inoUnod 
at 70" to tho horizontal, and 45° to tho vertical piano. 

<1. A wire 3 inches long projects from a wall at (50° to tho 
eorfoce, and is porallol to tho ground. Give the plan and 
elevation. 

7. A plane 2" X 3" rests on its narrow edge in such a manner 
that its surface is at right angles to both pianos. Givo plan 
and elovation. 

8. Givo plan and elevation of tho same plane, when its surface 
is vortical, but iiiolinod to the vortical plane at 45°. 

9. Givo plan and elevation of the same piano when its shorter 
edges aro at right angles to tho vertioal piano, and its nnrfaco 
inolinod to the horizontal iilono at (50°. 

10. Give plan and elevation when tho piano rests on one of 
its short edges, its surface being inclined at 60° to the horizontal 
plane, and its long edges being at 45° to the vertical plane. 

11. A square plane of 3 inches side lies on tho horizontal 
plane, its one diagonal being at right angles to tho vertioal 
plane, and tho other parallel to it. Givo plan and elevation. 

12. Chve elevation and jilan when the plane rests on one of 
its angles, its surface being inclined at 40° to the horizontal 
plane, but its one diagonal remaining at 90°. to the vertical 
plane. 

13. Givo plan and elovation of the samo plane when ono of 
its diagonals is at 45° to the horizontal, and 60° to tho vertical 
plane, the other diagonal being parallel to the horizontal plane. 

14. A cube of 2 inches side stands on the horizontal piano, 
with two of its faces parallel to the vertioal plane. Givo its 
plan and elevation. 

15. Draw its plan and elevation when standing on one of its 
sides, tho opiiosito one being horizontal, and tho others being at 
45° to the vortical plane. 

16. Give plan and elevation when resting on one of its solid 
angles, one diagonal of tho base being at 50° to the horizontal, 
and the other at 90° to tho vertical plane. 

17. Draw olovatiou and plan of tho same cube, when resting 
on one of its cdf/es, so fliat two of its sides are vortical and tho 
rest make angles of 45° with the horizontal, but ore at right 
angles to the vertioal plane. 

18. Add the shape (tho development) of the pioco of metal or 
other substonoe whioh on being folded would form the above* 
named cube. 

ID, Thero is a stiok of timber 2 inches square at base, and 5 
inches high. Give the true shape of a section caused by a plane 
entering at ono angle of the top, and emerging at the opposite 
angle the base. 

20. Give the development of one portion of this square prism 
when it has been cut as in the last question. 

21. Give plan and elevation of a triangular prism when resting 
on one of its long faces, the surface of tho triangular end being 
at 50° to the vertioal plane. The end is an equilateral triangle 
of 2 inch edge, and the,length of tho prism is inches. 

22. Give plan and elevation of the some prism when the edge 
of tho end on which it rests is at 50° to the vertioal plane, sad 
tha under tide is inolined to the horizontal ]dane at 35*. 

28. Add the development of tins prism. 

SA Btaw the phm and elevation of a tegular penti^ron of 1 


inch side when resting on one of its angles, so that its snriaoe 
is at right angles to tho vertioal, and at 60° to the hcaizontsl 
plane. 

25. Give the projection of this polygon when the line joining 
the angle on whioh it rests to the mid&o of the opposite side is 
at 40° to tho verticsl plane, tho inclination to the horizontal 
plane remaining the same as in the last figure. 

26. There is a hexagonal prism of 1 inch side and 4 inches 
long. Draw plan and elevation when standing on its end, with 
two of its faces parallel to tho voitical plane. 

27. Give tho plan and elevation of tho samo prism, when the 
axis is vertical and ono of its faces is at 40° to tho vertical 
piano. 

28. Give elovation and plan of tho same prism when two of 
its faces arc parallel to tho vertical plane, and the prism ia so 
inclined that tiio axis is at 50° to tho horizontal piano. 

29. Draw the plan and elevation when the prism rests on ono 
of tho solid angles, and the axis is at 5U° to the horizontal, and 
45° to the vertioal piano. 

30. Project the prism when lying on ono of its long faces, tho 
axis being at 40° to tho vertioal plane. 

31. Givo tho true section oausod by a plane passing from one 
angle of the top to the opposite angle of the bottom. 

32. Draw the development of tho x>rism, marking on it tbo 
lino of section, as per last figure. 

33. 'J'hero is a prism, tho ends of which aro regular octagons 
of 5 inch side, and tho sides of which are 4 inches long. Givo 
tho plan and elevation of this object when the ono edge of tho 
boBB rests on tho gjronnd, and tho eoiTesi)onding edgo of the 
top touches tho edgo of a cube of 2 inches side. 

34. (Jive tho plan and elevation of this group when rotated 
so that tho sides of tho cube aro at 4.5" to the vertioal ifiane. 

35. Project the front view of an octagonal prism (size at 
pleasure), when its end rests in a plane inclined at 36°, neither 
of the long faeos being parallel to tho vertical xfiane. 

36. Give a section of tho prism uamod in Question 33, cansod 
by a piano passing through it at 00° to tho axis; tho prism to 
bo hollow, and formed of wood J inch thick. 

37. Give plan and elevation of a hexagonal pyramid when 
two of the edges of the base (1 inch long) aro at 20° to the 
vertioal plane, the altitude being 2.^ inohes. 

38. Draw elevation and plan of this pyramid when lying on 
ono of its triangular faces, with its axis imrallol to tho vertical 
piano. 

39. Give the elevation and plan of this }>yramid when resting 
on one angle of the base, and one of its edges being vertical. 

4U. A cironlur diso (1^ radius) stands so tliat ono diameter 
ia vortical, and another ut right angles to tho first is at 50° to 
tho vertical xfiane. Givo plan and elovation. 

41. Give elovation and plan of the same circular diso, when 
resting on tho end of one diameter, which ia parallel to the 
vertical piano, tho surface being at 40° to tho horizontal plane. 

42. Draw the plan and elevation of tlio same disc, when the 
diameter ia at 40? to tho horizontal and 60° to the vertical 
plane. 

43. A oiroular slab of stone, such as a mfll-stone, 4 feet 
diameter and 1 foot high (to he represented hy inches for feet), 
lies on the horizontal plane. Givo tho plan and elevation. 

44. A second circular alab, 3 feet diameter, and 1 foot high, 
rests on a slab, similar to the lost ; their centres being ooinci* 
dent. Draw the plan and elevation. 

45. Draw tlie elevation,' plan, and projection of these two 
slabs, ono placed on the other, as above, when their cironlar 
surfaces are inolined at 40° to the horizontal plane. 

46. A cylinder, 4 inches long and 2 inohes diameter, stands 
on its oircular end. Givo the plan and elevation. 

47. Draw tho plan and elevation of the same oylinder when 
lying on the horizontal plane, its axis being pai^el to both 
planes of projection. 

46. Give {dan and elevation of the oylinder when lying on 
tile horizont^ plane, its sods being at 60° to the vertioal plane. 

49. Draw tiie plan and elevation of a oylinder 4 inohes long 
and 2 inches diameter, when the axis is inolined at 60° to tho 
horizontal and 45° to the vertical plane. 

50. Give the true seotion caused by a plane passing through 
the middle point of the axis at 45° to it. 

51. Draw the devdopment of this oylinder, marking on it the 
line of seotioD. 
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52. A oylindriool pipe, of 2 inobcs diameter, is to be cut so 
M to tom a light angle. GKve plan and elevation, showing the 
8eoiion>]ine. 

53. Give the elevation and plan of one of the parts when 
resting on the Boctioiiol aurfaco. 

54. Give the true ahapo of the seotion, and the development, 
showing* how both parts of the elbow may bo out out of the 
same pieoo of motal without any waste. 

55. From piping of the same diameter, oonstmet a double 
elbow-joint, one end of which bends one way and the other the 
opposite. Give development of the three porta to be out out of 
one piece without waste. 

56. The same piping is to bo oarried round three eides of a 
square room (size at pleosuxo). Give development, showing the 
section-line. 

.I?. A pipe of sheet iron (2 inches diameter) is to be joined so 
as to turn an angle of 120°. Show on on elevation the inelina- 
tion of the lino of section, and show on a development the lino 
in which the metal must be cut to form the required parts 
without any waste. 

58. Given a cono of 2i inches base and 3^ inches altitude. 
Draw the plan and elevation of this cone when standing on its 
base. 

59. Give elevation and plan, when the cone lies on the hori¬ 
zontal plane, its axis being parallel to tlio vertical plane. 

60. Draw the projection of the cono, when lying on the hori¬ 
zontal, with its axis at 4.1^’ to the vertical plane. 

61. Project the cono when resting on one end of the diameter 
of the base, the axis being inulinod at 7^^ to the horizontal 
piano. 

62. Project Oie oono, when the axis is inclined at 70® to tho 
horizontal and 45® to tho vertical plane. 

63. Draw the true section of the same oono caused by a plane 
at 401 to tho surface of tho base, which enters at 1 inch from 
tho bottom. 

64. Draw tho luirabola resulting from a plane entering tho 
base of a similar cono at i inoh from the centre. 

65. Draw tho hyperbola resulting from a section-plane enter¬ 
ing the haso of a simihir oono at J inch from tho axis. 

06. A pipe 2 inches square is penetrated by another of 1 inoh 
side. Tho Hiiiallcr one posses throngh 2 sides of tho larger, 
their axes being at right angles to each other. Give elevation 
and plan when two fooes of each of tho pipes are parallel to the 
vortical plane. 

67. Project this object when tho two faces, which in tho lost 
COSH were parallel to the vertical plane, are at 60® to it. 

68. Give tho dovelopmout of the larger pipe, showing tho 
exact shape of tho aperture through whiuh tho smaller one is to 
pass. 

60. Give tho elevation and plan of tho object when tho 
smaller pipe penetrates the sides of tho larger at 60®. 

70. Draw tho dovolopmont- of tho larger pipe, showing the 
aportnres, and of one pieoe of tho smaller one. 

71. A square pipe of 2 inches side is penetrated by another 
of inch side, their axes being at 60® to osich other, and 
parallel to the vortical plane; and two edges of tho smaller 
mooting two edges of the larger pipe. Give tho elevation and 
plan. 

72. Draw the ]dan and elevation, when two facos of tho 
larger pipe are pamUol to the veltical plane. 

73. Draw tho development of tho larger pipe, showing the 
shape of tho apertures through whioh tho smaUor one is to pass, 
and also one of the ends of the smaller pipe. 

74. A cube of 3 iuohea side stands on tho horizontal plane, 
and is surmounted by a square pyramid, 3 inches high. Give 
elevation and plan, when two faces of tho cube and two of tho 
sides of the base of the pyramid uo parallel to tho vertical 
plane. 

75. Draw the elevation and plan of thio object, when tho 
faces ore parallel to tho vertical plane, as m the last question, 
but when the base is inclined at 25° to tho horizontal plane. 

^ 76. Draw the plan and elevation of the object, when the 
sides of the onbe are at 60® and 40® to the vertical plane. i 

77. Give plan and elevation of the ol:^t, when the faces of 

&e on^ are at 45®, and two of the sides of the base of the 
pyraimd are parallel to the vertical plane, their axes being 
Occident. j 

78. D»w tile shape of the piece of metal to fom a gas- 


shade, 20 inches wide across the oiroular base, 6 inches across 
the top, and 10 inches perpendicular height. (To be worked 
i size.) 

79. A cylindrical oonl-scnttle is to bo mode of sheet iron; it 
is to be 10 inches in diameter and 18 inches high at tho highest 
part, the lid to be inclined at 45°. Draw tho shape the metal 
is to be cut to form this object, and the exact shape of the lid. 
(To be worked J- size.) 

80. A cylinder, 2J inches diameter and 6 inches long, is 
penetrated by anollior of 14 in(^h diameter and 5 inches long, 
their axes being at right angles to each other, and interseoting 
at Ihoir centres. Show tho mode of obtaining the ourves of 
penetration. Develop tlio larger cylinder and one of the ends 
of tho smaller one. 

81. Draw the plan and elevation of this object when the 
axis of tho larger is parallel, and of the smaller at 60° to the 
vortical plane. 


j THE steam-engine.—IV. 

lly J. 51. WiOBKii, B.A. 

BOILEKB (concluded )— the furnace —KBIiATIVH value of 
DIFPEBENT KINDS OF COAL—DKAUOHT — 8KOKB-CON- 
^ SUMINQ ABBANGMMENTS—TBMPBBATURE AND PBE88UBE. 

Wb have now referred to those forms of boiler which have 
come into most genera) use. There are, however, many other 
varieties, some of whioh are only avoUablo for special and 
peculiar work, while others are of eomparotivoly rooout intro- 
duotion, and have os yet to stand tho test of experienoe. Sec¬ 
tional wronght-iron boilers have been tried of late years, with 
apparently good results. In these the water is contained in 
wronght-iron tubes of comparatively small diameter, round 
which the ihune and heated gases are mode to play. These 
tubes ore proved to a groat pressure before being used, and are 
so arranged that if by acoident any one should become injured 
or ruptured it can easily bo either cut out of oommunioation 
with the rest of the boiler, or removed and replaced by a fresh 
one. In one form of boiler, on this principle, a number of 
parallol wroaght-irou tubes are placed above the futnaoe, from 
each of whioh a small tube leads into tho general steam-pipe. 
In other forma, tho tnliea are connected to one another at &e 
ends, but the connections aro so arranged that any defective 
one can easily bo separated from tho rest. Many advantages 
aro claimed by the manufacturers of these boilers, among which 
are economy in use and groatly-inoroaaod safety—^an injury 
being easily discovered and repaired, and an explosion of tho 
whole boing rendered almost imx>ossible. 

One of tho uses to which the steam-engine has been applied 
is to work a firo-ongino. In largo towns, whore dwellings and 
warehouses aro closely packed, fires spread very rapidly, and 
manual engines ore found not to bo sufficiently powerful to ei- 
tingoisl) them with promptitude. Steam is therefore employed; 
but in this case tho desideratum is an ongino and boiler so 
constructed as to get up steam in a very short time, os other¬ 
wise tho fire gains a very powerful hold before the engine con 
bo set to wprk. Much attention has accordingly been directed 
to this point, and with such sucuess that engines ore now 
made capable of throwing very largo jets of water within a few 
minutes of tho time when their fires ore lighted. 'ITio boilers 
usually employed ore 8f very small dimensions, and contain a 
large number of short tubes veiy closely packed ; quick-burning 
fuel is also employed, so that a powerful draught is at onoo 
produced. The quantity of water in the boiler is^ of course 
very small, and thus a high pressure is quickly attoinod. ^ The 
engine is so arranged that at every stroke a small quantily of 
water is injected into tho boiler, sufficient to take the place of 
that converted into steam, without materially reducing the tem¬ 
perature of the rest. ITio amount of work aecomplished by 
these engines is very great indeed, when considered with refer¬ 
ence to their size and weight. Ibey are usually worked at 
great speed, and with steam at a pressure of from 100 to 150 
pounds to the inch. In an official trial of fire-engines at the 
International Exhibition of 1862, steam was got up to a pressure 
of 100 pounds by two different engines in 12 minutes 10 seoonda 
and 18} minute respectively, from the time of lighting the ffires, 
the boiler in each ease being filled with cold water at starting. 

these engines are made to propel themselves along 
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the K>*d to the fire, hnt this plea is not generally adopted, as it 
is found bett» to start at onoe irith hmses, and grt np steam 
while going along. One drawback to the nse of boilers of this 
kind, with the tabes to oleaely placed, is that they noon become 
incmsted, and the fur deposit^ hinders the cironlation of the 
water. As, however, fire-enginos are not very often set to 
work, and then only for a comparatively short period, there is 
plen^ of time for removing this accnmidation, and the boUer is 
so oonstmctod t^t the covering can easily be removed and the 
tabes laid bare for this purpose. 

We mast now pass from the details of the boiler to notice 
the arrangements of the fnmace, many of which have already 
been referred to in connection with the boilers of which we 
have spoken. 

The fnmace is the sonrce of all the power. Hie fnel sop- 
plied to it enters into chemical combination with the oxygen of 
the air, evolving thereby a large amoont of heat, which, by tiic 
medinm of the steam, becomes in time converted into force. 
The fuel nenolly employed is coal—a mineral substance con¬ 
sisting principally of carbon and hydrogen, together with some 
snlphnr and various inoombastible mineral ingredients which 
remain behind in the form of ash., During the process of com- 
bastion, the carbon, hydrogen, and snlphnr unite with the 
oj^gen oS the air, producing various gaseous products, the 
principal of which are carbonic oxide, carbonic acid, and watery 
vapour. The exact products vary with the coal employed, 
different samples of which arc found to differ very greatly in 
their composition, and accordingly in the duty they are capable 
of performing. Good coal ought to contain at least 'Aroe- 
fon^s its weight of carbon—often it contains considerably 
more. 

It will easily be seen that the amonnt of heat produced by 
the consomption of a given weight of coal is a very important 
point in connection with the economical employment of ,tho 
engine. A large number of experiments have therefore been 
tried with coal of every variety. A very important series of 
trials of this kind, conducted under Government authoisty at 
WocMch, was brought to a close a few years'ago, and the 
results pnblished as a Parliamentary paper which is well 
worthy ^e attention of all employers of steam-power. These 
trials had extended over many years, and were carried on with 
great care. Boilers were fed with water at a nniform tem¬ 
perature of 100*! the trial was then oontinned some days, the 
exact amount of ooal consumed being noted, and also the 
amonnt of water evaporated. It would be impossible here to 
insert even a general abstract of these tniolB, but the fallowing 
extracts will give an idea of the average duty which shonld, 
nnder favonrable oironmstanaeB, be obtained :— 


Description of Cool. 

Pounds of Water 
eraporated for each pound 
of Cool consumeA 

Best Welsh Cosl. 

9’4e3 

Anthracite.. . 

9-OU 

Best Small Neweiuitlo Cool. . . 

8-52< 

Average Small Newcastle Coal , 

8-074, 

Average Welsh Coal. 

8-015 

Iiaige Newcastle Cool .... 

7-658 

Derhysbire. 

6-772 


Generally, then, we may state that from 7 to 9 ponnds of 
water at 100** (which may be taken as the average tempera- 
tnre of feed-water) shonld be evaporated by each pound of ooal 
consnmed in the fnmaoe. The best results are -^ose obtained 
with a Cornish boiler, that being the form of boiler in which 
the greatest economy of fnsl is obtained, This economy has 
been partly produced by the system, which has long prevailed 
in that district, of pnbliiUng the results obtained as compared 
with the cool useA This plan has produced a kind of com¬ 
petition that has acted very favonrably. In many oases little 
care is taken as to the constmotion or management of the 
fnmaoe, and the results then obtained are, of oonrae, mnoh 
inferior to those given above. 

By inquiring a little into the ptooess ci omubustion that goes 
on in the fnmace we shall be able to understand more clearly 
the difibreni things requisite in order to ensue perfect com- 
bastion. Carbon bums almost without flame when 


heated to a temperature of 700^ or 600°. The hydrogen in 
the ooal is for the most port oombined with some of the cHboB, 
prodneing the gas known ae carburetted hydrogen, and thm it 
is which produces the flame and amoke. The prodnota of oom- 
bnstion are themselves invisible, bnt this gas carries witii it 
small particles of the coal meohanioally suspended, and, if net 
perfecGy consnmed, deposits, in addition, a portion of its carbon 
in the form of dark smoke. 

All smoke that escapes will thus be seen to be a Ion of so 
much fuel, and therefore, aput from the nuisance, motives of 
economy point to the need of fully oonsuning the smoke pro- 
dnoed in any furnace. 

To perfectly oonsnme a ponnd of murbon requires 12 onbio feet 
of oxygen gas. In the air, however, this gas is diluted wi& 
four times its bulk of nitrogen; 60 cnbic feet of air are there¬ 
fore required to consume 1 lb. of carbon. It is not, however, 
to be supposed lhat all the oxygen is extracted from the air aa 
it passes through the fnmaoe: only a portion is removed, and 
the rest escapes np the ohimn^, with the products of oom- 
bnstion. We may, therefore, assume that about 150 cubic feet 
of sir should pass into Ihe fnmaoe for each pound of coal oon- 
Bomed, the exact quantity varying considerably with the shape 
and constmotion of the fnmaoe. If too little is admitted, oom- 
bnstion will be impmfectly carried on, and much smoke will 
accordingly be produced, while the heat obtained will be less 
than that requii^. On the other hand, too large a supply of 
cold air will materially reduce the temperature, besides carrying 
off a large amount of waste heat np the chimney. 

The usual manner in which a powerful draught is main¬ 
tained, so as to ensure a sufiloient supply of air, is by means of 
a tall chimney. 

The air having passed through the furnace becomes intensely 
heated, and accordingly expands. In this way it is rendered 
much lighter than iho air aronnd, and ascends the chimney, 
while fresh air rashes through the furnace to supply its place. 
With a stationaiy furaaoe sufficient draught can always be 
obtained in this way, and dampers are introduced into the fines 
to reduce it when needful. In locomotives, however, where a 
long chimney is, of course, inadmissible, artificial expedients 
are employed to qnioken tbo draught. 

Under ordinary ciroUmstanoes, when a fresh supply of fuel is 
thrown into the fnmaoe, the heat at once drives off a large 
portion of the carburetted hydrogen, which takes with it 
minute particles of dust, and the supply of air is for the time 
insufficient to consume those. Volnmes of dense smoke accord¬ 
ingly issue from the chimney, and much attention has been 
directed to the best mode of avoiding Gus. Very mnob dopenda 
upon the manner of feeding the fnmace. If a large supply of 
c^ is thrown oareleasly into it, there is sure to be a large pro¬ 
duction of smoke. If, on the other hand, the fnel be introduced 
in frequent small supplies, and placed near the fumaco-docr, 
the smoke produced will have to pass over the intensely-heated 
cinders beyond, and will be entirdy consumed; and this is the 
principle of most of the smoke-consuming arrangements at 
present in nse. The fuel is introdnoed in small quantities and 
at freqnent intervals, and the smoke is burnt by being com¬ 
pelled to pass over the eurfaoe of the highly incandescent fnel 
already in the fomaoe. 

Another plan by which smoke may also be rednoed is by 
allowing an additional snppl^ of air to enter the fnmaoe and 
pass into the oombnsiion chamber, where it mingles with th^ 
smoke, and aids in its complete combustion. 

The former of these plans is by far the most genemlly 
adopted, though, of coniso, there are very many ways in wMc^ 
the principle may be oarri^ into practice. The most important 
thing of all is to proonre a oardU and intelligent atoker, for 
more, as a general rale, depends on this than on the appacatns 
used. A perfect self-feeding appamtos wonld be the best pre¬ 
ventive of smoke: this, howeiver, has yet to be ■discovered. 

With aa ordinary famaoe little smoke will be caused if the 
fire is well managed. The fuel, as already stated, should be 
introdnoed frequently and in small qnantitieB. B^ore doing 
BO, tite stoker shonld open the fnmaoe-doora and push back a 
pcortion of the fnel, so aa to make a space in front for the ficedi 
supply, whkdi shonld be spread evenly on the fire-bars. It will 
then first become coked—that is, tlw gases will be expelled, 
anA in passing over the rest of the furaaoe, will be entirely 
consnmed. The eoko then bnms in a clear, smokeless way. 
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Fig. 19. 


This pkn, however, requires constant care and watchfulness, 
which it is difficult at all tintes to ensure. 

Some furnaces are constructed with a self-feeding arrange¬ 
ment. The cool employed in these is usually crushed almost 
to dust, or else smaU coal is employed. It is introduced 
into a hopper shove the furnace, and a small revolving scoop, 
driven by the engine, constantly and slowly B{)rihkles the coal 
into it. A slow motion is also imparted to the furnace-bars, so 
that the burning fuel is gradually carried to the back of the 

fleece as fresh coal or coal- 
dust is supplied in front. 

The main drawbacks to this 
system are the somowltat com¬ 
plicated nature of the mechan¬ 
ism and the power required to 
drive it, but, despite these, it 
is found in many places to 
answer very well, and to effect 
a saving in cost of fuel. The 
supply of coal is rendered quite 
uniform, and all thg ^moke is 
consumed. Sometimes the fur- 
naoo-bars are laid transverstdy 
and connected to the links of an endle.sa chain, and then ma<le 
to travel slowly along. In other forms they are longitudinal, 
and on oscillating movement is given to the alternate ones at 
the end uoare.xt the furnace-door, so that the same effect is 
produced— the coal being slowly moved back in the furnace, and 
the ashos discharged at the further end. • 

Frequently two furnaces arc employed, being placed side by 
side, and alternately fed. These are so arranged that the smoko 
from the one passes through the other, and is consumed. But 
wo cannot stay even to enumerate the diffcroiit phins of smoke- 
ennsuming apparatus that have been tried. There is, however, 
one very ingenious opd useful contrivance to which we must 
just n*fcr. It is known as “ Prideanx’s 8elf-clr>sing Furnace 
Valve,” and serves to regulate the supply of air admitted to 
the furnace. The apxiarutus, which is (ittod us a door to the 
furnace, ooiiHists of throe series of vortical plates, placed behind 
one another, as shown in plan in Fig. 19. The two outer seta 
are a little inclined in opposite directions, so as to prevent any 
loss of heat by radiation. Tlie air as it enters the fiumaco 
passes between these j dates, and thus keeps the outer portion 
of them cool, while it becomes itself raised to a very high tem¬ 
perature, and thus aids more perfectly in carrying on eom- 
bustinu. In front of these partitions is a scries of horizontal 
shutters, mounted so as to close somewhat after tlio manner of 
Venetian blinds (Fig. 20). A weight, c, fixed at the end of a 
lever, a, closes these. This weight is, however, proventetl from 
falling rapidly by means of the cylinder, h, containing water. 
A piston works in this cylinder, and is so arranged that it can 
readily rise to the top, the water in the cylinder i)a8siug below 
it. There is, however, only a very 
small return ohunnol for the water, 
the size of which can bo regidated 
by a set-sorew. The piston, there¬ 
fore, can only fall very slowly, and 
as the weight c is connected to it, 
the shutters likewise close very 
slowlymnd gradually. Usually the 
apparatus is so a^nstud that it 
B^ll take seven or eight minutes 
for the piston to fall. 

When the fnraaco-door is opened 


with the details of oonstmotion of the boiler and its appendages, 
and we can, therefore, pass on'to inquire into the mechanism of 
the engine itself, and the different forme given to it. Before 
doing so, however, it will be useful to append a table, showing 
the temperature of steam at any given pressure. Under the 
ordinary pressure of the air water boils at 212*’, and the tem¬ 
perature of the steam never exceeds tiiie. When, however, we 
have a closed vessel like a boiler, and allow the pressure to 
become greater than that of the air, we find the tempeiature 
rises, and the ratio of this .inoreoae will at onoo be seen by 
reference to the table. 


Tempera¬ 

ture. 

Pressure. 

AtmosplioriM. | rounds. 

Tempera¬ 

ture. 

Pressure. 

Atmospheres. | Pounde, 

212® • 

1 

15 

293-7 

4 


09 

221 


22 }- 

397-5 

5 


75 

259-5 

2 

39 

.‘J20-i 

6 


90 

2G3-8 

H 

37i 

35S-9 

10 


150 

285 

3 

45 

41S-5 

20 


309 
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to introduce fresh fuel the piston is raised to the top, and the 
abutters are accordingly opened and admit a plentiful supply 
of air, which becomes heated on its way, and aids in consuming 
the emoke produoed. As the fuel beoomos coked less air is 
required, and the shutters gradnally close, diminishing the 
supply. In this way the supply of air is nicely adjusted to meet 
the requirementa of the fumaoe, while at the same time the air 
that enters ia warmed, and ooneeqnentlyr does not reduce the 
temperature aa it otherwise would. 

(Miher arrangements have been suggested for the purpose of 
warming the air by means of tihe waste heat, ere it is allowed 
to enter the fumaoe, but these have not been at aU generally 
adopted. . 

Tbe itudaBt will now have acquired a general acquaintance 
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VII.— .JOHN SMEATON. 

BY JAMES OBANT. 

John Smeaton, the eminent civil engineer, constructor of 
the Kddystone laghthouse atid many other great works, was 
born in 1724 at Ansthorpe, near lAseds, and from his earliest 
years showed an eagerness for mechanical soionco. Thus, in his 
fifteenth year he constructed a machine for rose-engino turning. 
He commenced business in London as a maker of mathematical 
iiistrumonts about the year 1750, and among various desultoi-y 
cxiierlmouts in luechaiiics, he invented a compass, and improve¬ 
ments in wind and wator-mill maohmery, an “odometer” for 
ships, and many other useful things. His improvements in 
mill-work—being found to increase the effective force of aE 
such engines by fully ouo-third—wore deemed of such value, 
that in 1759 he was awarded the Copley medal of the Boyal 
Society. 

Throe years before this, he had been elected a member of 
the Boyal Society, and in 1753 ho visited lloUand, and in¬ 
spected the dykes, embankments, canals, and other works of 
note in that ccniitry, with a view to increase his knowledge of 
I practical engineering; and soon after his return homo in 1755, 
i there ocourx’od aa event, which gave him the long-dijsired oppor- 
I tunity of rising to the summit of his profession—tho destruction 
I by fire of the old wooden lighthouse on the Hddystoiie Bock, 
off the stormy coast of Cornwall. His essay was the third 
erection qf the kind which had been attempted there. 

I Tlie Eddystone is a reef of gneiss rocks submerged doDy by 
the tide, lying nine mUes from Bam Head, and fourteen soutli- 
west of Plymouth harbour. Around them the water varies from 
12 to 159 fathoms deep. They hud long formed a dangerous 
obstacle to navigation, and many a valuable ship, after crossing 
the Atlantic in safety, has gone down there, in sight of land, 
with all its crew, oven in the finest weather. The frequency 
of those clisasturs induced a wealthy and humane gentleman, 
named IViustanley, who^ad a decided turn for mechanics, to 
erect a lighthouse there in 1696. in. tho reign of William III. 
It was a wooden polygon, about 100 feet high, based on stone, 
constructed like a Chinese pagoda, and furnished with open 
galleries. So confident was Winstanley of its atabUity, that he 
expressed a hope to bo in it “ during the greatest storm that 
over blew under the faoo of heaven; ” and his wish was gratified, 
for in a terrific tempest, which occurred on a November night 
in 1703, he and aU therein perished. When day dawned, not a 
vestige of the bnEding remained, save an iron chain, wedged in 
a fissure of the rocks. Three years after this, Mr. John Budyerd, 
an opulent sllk-mercer on Ludgate Hill, undertook the ereotion 
of a now lighthouse, in which twenty-four candles were to 
bum by n^ht. It was oonstruoted chiefly of timber, and in 
Heoember, 1755, was destroyed by fire, a spark having probably 
ignited some of the flakes of soot that hung from tiie roof above 
the lights. 

The speedy re-ereotion of another beaoon was of the utmost. 
importance; but before it was undertaken, the projectori pm- 
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dtntly oonaolted the PreEident of tho Boyal Society, who re> 
eommcnded Mr. John Snieaton, ae the person best qualified to 
snperiiitond-its oonstmctiun. He Rpont inuoh time in ooneider- 
ing the beat methoda of grafting the foundations into tho rook, 
so as to aeouro stability; and in planning the present stmotnre 
he took, is said, as his model, the trunk of an oak, which so 
seldom Huconmba to the tempest. On tho 12th of Juno, 1757, 
the first stone was laid, and tho night of tho 16th of October, 
1759, saw tho saving light from its summit once more stream 
aoross the waters of tliu British Ohannel. 

This groat work is built on tho sloping side of one of tho 
rooks, and is formed of blocks, generally one or two tens in 
weight, of Portland oolite cased in granite, the latter being 
dovetailed solidly into tho reef. To prepare a base for the 
tower, the shelving rock was cut into sir steps, which ore filled 
np with masonry, riveted to tho living stone; and for the 
height of 12 feet above tliu base, tho tower is one solid oo- 
Inmnar mass, llie inturior consists of four rooms, situated one 
over tile other, tho whole being surmounted by a glass lantern 
and iron gallery. 1'ho base is 26;1 feet in diameter; the light, a 
fixed one, stands 72 feet above the water, and is visible ioi 
thirteen miles. 

Such was Smeaion’s greatest work, which survived without 
injury tho mutnoralile tempest of 1702, and is likely to endure 
for centuries ; but with all his engineering fame, ho would seem 
to havo hod little employment for some timo subsequently, as in 
1764 ho applied for and obtained the post of “ Itoooivor of the 
Berwentwater Hstates,” tho funds of which wore appropriated 
for the benefit of Oroenwich Hospital; and this situation he 
held till 1777, when he was full of professional employment, 
and frequently consulted on tho opening-np of river navigation. 
On this matter he reported so early as 1760 to tho Provost and 
Bailies of Bumfries on the improvement of the shallow Nith; 
but bis advice to form a navigable canal, rather than to deepen 
Hie sandy river, could not bo carried out for want of funds. He 
was oonsnitod oonooming the opening-np of tlio Bon above 
Bonoaster, the Cholmer to Chelmsford; tho lockage of tho Wear, 
and the deepening of tho Block Devon, whieh rises in tho Saline 
Hills, and falls into tho Porth at Clackmannan Few ; the navi¬ 
gation of Totney Haven, near Louth; tho improvement of tho 
Lea; and the extensive repairs of tho loekago and dams of tho 
Caider, in Yorkshire—a subject requiring much care and oon- 
sideraHon, owing to tho fiomls from Blaokstoue Edge in rainy 
seasons. 

The drainage of tho Lincolnshire fens, and all the low-lying 
tract about Bonoaster and Hull, were subjoets on which he was 
frequently oousulted. In reporting on this matter in 1761, ho 
was associated with the Messrs. Oniudy and Edwards, and tho 
result of their labours was a proposal to improve the outfall 
by the formation of a now river, twelve miles long, from a place 
oalled CIiapol-Hill to a little way above Boston; tho totalcstimato 
being more than .£40,000. In 1762 ho suggested the improve¬ 
ment of the Fossdyko, an old ont that joined the Trent and tho 
Witham ; but though he was applio<l to on tho same subject in 
1782, tho county was too poor to undortako tlin work. 1'ho 
greatest suecoss attended his o])cratious for tho drainage of the 
isle of Axholmo, by tho diversion of the old river Trono ; tho 
drainage of the lands adjacent to the Went; those of Lord 
Kinnonl in Perthshire; at Hotham Fens; the Holdemcss Level, 
near Hull; and many other places, by* wliieh waste sheets of 
gloomy water—tho local souroo of ague, fog, and fever ; tho 
^unt of wild fowl and abode of mud-fed fishes— became 
fertile tracts of arable land. Ho was consulted concerning tho 
repair of old Bristol bridge, and in 1758 he was engag<<d in 
improving and widening the ancient bridge of London, then 
overhung by houses above a dark and narrow thoroughfare; 
and the result of his advice was the proposal to erect a new 
bridge at Blaokfriars, tho removal of the houses from the old 
London Bridge, the demolition of the great middle pier, and 
erecting there a new arch to span tihe space of two. 

In 1763 he visited Perth, whore he erected a handsome bridge, 
900 foot in length, in lieu of the old uue, swept away by a 
flood in the Tay; and now (dio fame of his skill brought him 
lattoh engineering bueiness in SooHand. At Edinburgh he was 
ocaanlted about the anpply of water for the oiiy; at Glasgow 
iriKHit the eeeurity of its bridge; but hje moet important ^i- 
tiah work was the focmation of the ipwat oanol between the 
Earth and Clyde, a project as old as the time of Chsrlea Q, 


Smeaton first estimated the expense at £80,000; and after 
being opposed by Parliament, and having many difficulties to 
surmount, £150,000 were subsoribed, chiefly in Glasgow, and the 
canal was begnn under Smeaton’a dirootion in 1766, but made 
navigable only as far as Btookingfield, and in that state it re¬ 
mained until 1784, when it was completed by sums levied on 
the forfeited estates. It is 37} miles long; its medium width is 
56 feet—at the bottom, 27 feet; its dep& 9 feet; and it has 39 
locks. It is supplied from 8 reservoirs covering 721 acres. 

A bridge across the Tweed at Coldstream was Smeaton’e next 
work. It consists of five arches founded on piles, and was opened 
for traffic in 1766, after costing £6,000. Two years after, he 
was at tho Catron Iron Works, tte largest of tho kind in Europe, 
where he oonstruotod a highly-effoctivo machine to aid the 
powerful blowing-apparatus. He also supplied the company 
with a design for a double-boring mill for cylinders and oatinon, 
of which vast quantities, of tho form known ns “ oarronades,” 
were cast there until recent years. Tho elegant bridge of seven 
arches across the Beveron, near Bans', was hie next work, and 
there, as elsewhere, he adopted tho elliptical outline. He was 
less Euc<M|ful in the construction of his only English county 
bridge—that across tho Tjno at Hexham—in 1777. A subsi¬ 
dence in one of the piers occurred soon after it was finished. No 
remedies availed; and in the spring of 1782, when a flood swept 
down tho Tyno," “ Smeaton’s beautiful Hexham bridge lay a 
wreck in the bottom of tho river.” Ho felt this noutoly, and it 
seemed strange that he, whose lighthouse bid dcliatioe to the 
waves, was foiled by the current of an inland stream. 

Harbours next omnpiod his attention; be construotod the 
pier at St. Ives in Cornwall, and was consulted concerning 
those at Dover, llye, and Christchurch; Workington, White¬ 
haven, and Bristol; Yarmouth, Lynn, Scarborough, Sunderland, 
Aberdeen, Eyemouth, and Bamsgate. Tho latter ho commenced 
in 1774, but it was not until ten years later that the first stono 
of tho now dock was laid ; and while carrying out tlio dockyard 
pier Smeaton first employed the diving-bell in building tho 
foundatioila. The works when finished were found to answer 
remarkably well. The area of the harbour included 42 acres, 
tho piers extended 1,310 feet into the sea, and tho opening be¬ 
tween their heads was 200 feet wide. He is said to have been 
proud of tho pretty litilo harboM which he ooustruoted nt Eye¬ 
mouth, as it was one that efl'eetivoly suited its purpose, and 
cost but a small sum of money. It lies in tho comer of a bay, 
opposite St. Abb’s Hood, on the Berwickshire uoast, and is nearly 
landlocked. Tho canals of Birmingham, tho lire, and Dublin 
wore improved by his skill. . His work nt the Eddystone mode 
him a great auUiority on lightlmnscs, and after the erection of 
two (on his plans) at Spurn Point, between tho years 1771-6, 
Government consulted him respeelieg the dockyards at Ports- 
nionth and Plymouth. Ih-ofessioual busii'css poured in upon 
him and ho was ever ready “ to supidy a design of any now 
machine, from a ship’s pump to a tuming-latbo or a steam- 
engine.” Water companies consulted him as to water-supply; 
agriculturists, as to the drainage of their lands ; pit-owners, aa 
to tho working of their mines; and millers, in all matters of mill- 
work ; ho erected no loss than forty-three water-mills of varions 
kinds, and many wind-mills. His Chaoewator engine, of ISO 
horso-power, was tho finest of its kind that had then been 
croeted. In this field of in'^ntion he was certainly distanced 
by Watt, tho superior merit of whoso condcusing-engino he 
frankly admitted. Wiilo thus finding citensrie employment in 
tho three kingdoms, Smeaton continued to reside at Ansthoriie, 
where he had been born. Tho meohanieal experiments of his 
boyhood had been conducted there in an outhouse given lum by 
his father, and there, in maturor and wca tbier years, he erected 
a mansion, with a workshop, a study, and observatory all in one, 
for his own use. Tho latter was in the femm of a square tower. 
On the ground-floor stood his forgo, on the first-floor his lathe, on 
the second his models; the third was his study, whore he drew 
his plans and wrote reports; the fourth was a lumber-room, 
from whence a tunnelled staii^e led to the roof, whore a vane, 
which worked a dial in the ooiUxtg, could inform him, by merely 
raising his eyes, which way tho wind blew. One of his maxinm 
was, “ Kover let a file oome where a hammer can go.” Ho was 
a frequent witness before committees in Parliament conoeming 
bills for tho erection of puhlio works, and when in London his 
chief pleasure was to at^d the mce&gs of the Boyal Sootety. 
In all diffiohlt professional matters his advice was almost 
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invarUbly followed—a proof, not onl;f of }iu eminenoa aa an 
engineer, but of his judgment, oaution, and integrity. But 
John Smeaton’e us fnl public life was drawing towards its oloao. 
Li 1783 bk bmlth began to docliuo, and be retired from>aotiTe 
business. His wifo died in the following year, and bis two 
daughters kept boneo for him at Austhorpe, whore, after being 
strieken with paralysis, ho died on the 28th of October, 1792, in 
his sixty-eighth year. Ho was laid among his forefathers in the 
old parish church at Wbitekirk, where there is orooted a monu¬ 
ment to his memory, and above it is placed a model of his 
greatest work, the Hddystono Lightbonso. 


PORTIPICATIOIT.—V. 

B7 AK OPFICKll OF 'I'HK BOVAI, BNaiNBXBS. 

CLOSED WOIIKB. 

Thb points to bo nltondad to in tbo design of fortiftoations have 
already been olluded to [ but, in order to understand the relative 
merits or defects of tbo vorions forms of closed works usually 
met with, it will be best to consider in detail each of tlioso 
primary oonditions, and to omit from present consideration all 
permanent forts or fortressos. 

Those bvttor are in thonisolvcs closed works, but are generally 
on such a largo scale that they may with advantage bo studied 
sciraratoly, as embodying tbo most approved tlioorics of defence 
held by the military ongineers of a imrticular nation or period. 

CmidUums to he fulfilled by Closed Fiehl-iv(nrks .—In arranging 
the design of a closed work it rvill bo necesB^.ry to dotormine— 

1. The size ueccssaiy for tbo accommodation of any given 
force. 

2. The shape that wilt bo best adapted to the peculiarities of 
tiro ground, and to tbo spocial defensive objects in view. 

3. Tho modifications of tbo trace that will be required to 
ensure a rooijjrooal dcfcnco between tho various parts of the 
work. 

Sise .—^Tlio size of a work depends not merely on the number of 
men and guns aotually required for its defonoo at any portioulor 
moment, but also on whether tho defence is intended to last for 
any length of time, and whether tho garrison are to bo entirely 
restricted to the possession of their works. 

’ In the latter case, provision must bo mode for the fighting 
space necessary for tho men, guns, and tho magazines, oto., 
belonging to them; and there must also be sufficient room in 
the interior of tho work either for an encampment, or for the 
construction of buildings to serve os barracks. 

It rarely happens tliat fleld-werks are so completely isolated 
as to require ooeommodatiou of tliis kind for more than a small 
portion of their garrison, and tho length of the sides or faces of 
a work are, tlioroforo, usually calculated on tho space required for 
the defence itself. 

For this purpose it is usual to allow 1 yard lineal of parapet 
per roan, if it is to bo defended by single rank, or per file (two 
men) if double rank arc to bo employed. A field-gun firing 
at right angles to a faco requires a space of .I yards lineal to 
work iu; and when a gun is placed at an angle, provided tho 
angle is not very acute, 5 yards on either side of it must bo 
allowed 

Under most oiroumstaucea, wbenktbo works are of moderately 
regular shape, the above rule %vlll ^ivo ample interior spaco; 
bnt should flio shape of the ground necessitate the interior 
space being muoh cramped, it must bo remembered that, 
exclusive of tbo space occupied by traverses, slopes, etc., a 
minimum of 15 supoi'flcial feet per man and 600 superficial feet 
per field-gun is requisite. 

Tho dimenmons of tho traverses must vary with the oirenm- 
stances of each case. Oii faces liable to enfilade or reverse 
fire they mnst be of considerable thieknesB, to .intercept the 
enemy's projectiles; whereas when they are only intended to 
protect from the splinters of shells bursting in work, they 
need not exceed 6 or 8 feet in thickness. 

In addition to the number of troops required for tho primary 
defenoa of the parapet, a reserve should invariably be allowed 
for, who should be kept under cover close at hand, to replace 
oosnaltiee, and repel any temporary success that may be gained 
by the usanlting columns of the enemy. 

It mi^ often be neoossary to determine the requisite ganison 
fOE a work already existingi in whirii case, d^not bom the 


total length of orest-Une the spaco oocupiod by the gone and 
each face, and estimate for the remaining parapet aa -f tc be 
defended by double rank. The number so obtained will oe Jie 
total infantry garrison, to which the requuite number of gunnera 
for the service of tho artiUeiy must bo added. 

Oacosionally it may be necessary to construct closed firid- 
works near the coast, containing batteries, whore tho heaviest 
artillery are to be employed; under these oircumstanoos tho 
dimensions abeady given mnst be largely exuoeded. As much 
08 20 feet lineal of parapet is roqubed for working a heavy gun 
with a lateral range of CO®. 

Those guns must be placed at intervals of 46 or 50 feet, and 
a traverse provided for every pair of guns; in addition to which 
an ample allowance must bo made for the apace oeonpied by the 
magazines, shell-filling rooms, and other adjunota nooessory tor 
tho service of modem heavy ordnance. 

Closed field-works have, on different occasions, been oonstmeted 
of very varied sizes, as will be soon from the following extract 
from a motnorandum of Sb J. Jones on tho celebrated lines of 
detached works thrown up at Torres Vodras, by order of the 
Duke of Wellington:—“ Tlio redoubts wore made of every 
capacity, from that which—limited by want of space—was oocu¬ 
piod by 50 men and 2 pieces of artillery, to another whioh was 
occupied by 500 men and 6 guns.” 

* It may, however, be safely affirmed that all small closed works 
are bod, and are incapable of maintaining a prolonged resistance 
to tbo powerful ehcll-flro of rifled artillery, nnkss a greater 
amount of protection is provided than is usually possible to 
obtain in the field. 

Not only does tbo fire directed against one side of tho work 
necessarily take in reverse the opposite faces, and thns neces¬ 
sitate such a number of traverses as to seriously cramp the 
interior spaco, bat tho garrison, being crowded into a small 
area, must suffer fearfully from the effects of shelle bursting 
among them. 

Tho small redoubts which defended the Danish position of 
Duppel, in 1864 (Fig. 35), are examples of this, for it appears 
(vide “Austrian Military Journal,” 1864) that on that occasion the 
fire of tho Prussian artiUery rendered the interior of the works so ^ 
untenable that, at length, in order to obtain moro cover, tlio 
troops were, to a groat extent, temporarily withdrawn from 
them to a more secure position a short distance in roar, and 
that one redoubt (No. 5) was stormed by the Prussian troops 
before tho Danes could re-enter thub own work. 

Sluipe to suit the ground .—Tho object of a work may be 
either that of ooonpying a particular site, so as to thoroughly 
defend the approaches to it; or else—although capable of 
resisting attack on any side—it may bo spoeially designed to 
bring a heavy fire to bear in certain dbeotions only, its own 
front being protected by tbo fire of somo collateral works. In 
tho former case the outline or trace must adapt itself closely 
to the contour of the ground, while in tho bitter the longest 
lines of parapet must bo those firing in the roqubed direction, 
irrespective oi whether the best possible close defence is thereby 
attained. 

Care must bo taken in all oases that the main lines are, if 
possible, so traced as to bo seouro from enfilade. 

The combination of these principles is by no moans easy 
when the ground to bo occupied is irrogulut, and when tbero 
aro commanding imuita within range which may be seized by 
tho enemy; the result being usually a compromise between 
what is theoretically perfect and what is defective bnt prac¬ 
ticable. 

As soon as a general idea of the outline of a work has been 
deoidod on so as to carry out the required objects, it then 
beoomos nocessary to fit the plan to the ground, so tliat all the 
approaches may be thoroughly defended by the fire from tbo 
work. In doing this it will often bo necessary to modify both 
the plan and profile previously determined m. 

There are oertain limits, dupcnduig on tho slope of tho ground, 
within which the creet-lino may be advanoed or retired from tho 
top or crest contour of a hill without saerifioing the power of 
efficdestly defending tho slopes. As will be seen from Fig. 36, 
the greatest distance to which it can be retired foom the crest 
will be that which causes th'’ lino of fire to gnze tito dope of 
the hill, while tiie min imum ustonoe will be that which ellowo 
of the fire passing at anoh a height above it (3 feet) as ahall 
render it impoiaible for a body of men to advaaee nsseea. In 
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this sketch it is, of coarse, assumed that the parapets are of 
the same height. 

Anj further deriatioa from the orest-line of the hul will in- 
Tolre Ml alteration of height for the profile, unless it happens 
that the {protmd ie so steep that, with a small amount of la^ur, 
it can be soarped or rendered inoceessible, in which case defence 
bf direct fire is not wanted, and the distant flank fire of another 
work will Bufflce. 


parapet called curtains. The combination of any two bastions 
and a curtain is termed a batlioned front ; and when a bastioned 
^nt is traced on each side of the polygon or imaginary 
figure containing the work, it is called a baotioned fort. In a 
properly-constructed bastion fort, when there has been sufB- 
cient time to complete the necessarily wide ditches, the reci¬ 
procal defence of the Toiiona parts of the work is good ; but, 
on the other hand, the bastions are liable to enfilade and 


Flanking/ Defence .—The provision of a really formidable flank¬ 
ing defence in fleld-works is always a problem difflonlt to solve 
oatUfootortly. Their ditches are nsnally so narrow, and the time 
ueoessaiy for crossing them so short, that it is 
very desirable the flanking fire on the attack- 
ing troops should cover the ground in advance ^ 

of the counterscarps as well as the ditch ^ 
itself. To do this, the fire must proceed X 
from the paraj^t, and an arrangement of ^ 
trace becomes necessary that has many 
serious defects. The nocossarily increased 
length of parapet involves more labour, and 
Bome of tlio faces become unavoidably Uable iS* I s ‘ 
to onfllode. 

Works in which the fire from the parapets ||[|||||gim|| 
of the flanks defends the ditch arc called ^ 


reverse fire, and the length of parapet to be construoted and 
manned is so very considerable timt the interior space would be 
too much cramped to render this trace advisable for any but 
large and important positions. To ensure 
officiont flank defence, without risk of the 
fire from the flanks striking the defenders 
of the opposite bastions, care must be taken 
that the angles of defence are never less 

^ 1 It has boon found advisable to fix on 

, l ) certain proiwitions between the various lines 

^ If™ '■ construction, in order to get the best 

] H defence possible; and os those proportions 

"" ' ' J I are dependent on the size of the polygon on 

which the fronts ore designed, it may be well 
to state in order the operations necessary 


furU; and those in which there is no flank 
dofonoe, or wbero tlie ditches arc flanked by 


Fig. 30.—KKDOuiiT AT uurrEL. 


to enable a student to draw the trace of a 
bastioned front (Fig. 39). 



Pig. 87.-- STAB FORT. 

A, A, A, Undefended Ground in the 
Ditches. 




Fig. 40. —DEMI-BASTIONED 
FOBT. 

A, A, A, Dead Ground in Ditches, 











Curtain ' 

Cf>' 


buildings in them, are nCTJT^ni ||,,. .. 

termed redoiMs. i|T^ 

generally applicable to 
irregular sites as re- 
donhls, and require 
more time for their 
construction. There ^ 

are two types of fort 
of regular form, viz., 
the sfnr fort and the • 

Josfiotii*d/or/, although ■ 

a modification of the I 

lattw is somoom^ ] yjg. 39 ,—bastioned trace. 

■employed, called the 1 

demi-bastioned trace. | 

This only partially at- < 

■tains the advantages ' 

of the bMtioned sys¬ 
tem, os regards flank defence (Fig. 40). In order to obtain ■ exter 
flank defence, the parapets of a star fort are traced so as to | will ( 
form a numbw of salient and re-entering angles, thus giving a 4. 


■Side !• Bisect the exte- 

ZZ ~ ~ rior side by a perpen- 

t-ij dicular lino drawn in- 

wards; and make this 
lino {, 4 , or 4 of the 
exterior, if the polygon 
construction is a 

“ square, pentagon, or 

“oy larger figure. 

2. Join the end of 
'* perpendicular with 

; the angles of the poly- 

' Fon, and prodube these 

INED TEACE ' I'wes inwards. These 

NED TEACE. j bto called the lines of 

• 3. Set off on eooh 

J line of defence a dis¬ 
tance equal to 4 of the 
exterior aide, measured from the angle of the polygon. Hus 
will give the faces of the bastions. 

4. From the ends of the bastion faces draw the flanks, making 


star-ehaped outline (Fig. 37). 

Star forts have many defects, of which the following are the 
chief. The length of parapet is excessive, in proportion to the | 
area they enclose. All the faces are liable to enfilade and 
Tevorse fire, and a portion of each ditch near the re-entering 
angle is neoessarfly nnseen, and therefore undefended by the'fire 
from the parapets (Fig. 38). llie amount of this undefended 
epaoe in the ditch, or dead ground, as it is called, is estimated 
by multiplying relief of the fi«»k by the inclination of the 
Itee of fire, and is measured oa pilaa fr^ the orest-Iine, in the 
direction of the ditch. 

A battion is a hu^ts coaneetsd with othar works by Uxhs of 


angles of 95° with the opposite lines of defence. 

5, From the points at which the flanks cut the lines of de¬ 
fence, draw a straight line oonneoting the inner extremities of 
the flanks. This be the ourtsin. 

In order that the whole fire from one flank nmy defend those 
parts of the ditoh nnseen by the other, it is necessary that the 
lines of fire should oross at the centre of the onrtidn, and that 
the line of the oonntersoarp should not be traced pamllsl to 
the escarp, but be directed on to the shonlder angles of the 
bastions. As will be seen in the sketch (Fig. 40), this latter 
arrangement inoreases the width of the dit^ oonsidenbly, end 
coneeqnently involvei miufli time end labour to execute. 
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ANIMAL COMMERCIAL PRODUCTS.—XIL 

PBOB0CTS OP THE CLASS PISCES (eonKnwd). 

THE COD (continued). 

It ia the great quantity of ood and its allied kinds, hod. can 
dock (llorrhua ceglefinus), tusk (Brosmiis vulgaris), and ^pnr. 1 
(EDtst mold), which gives tS tKSso fish their chief mercantile fisli 
importance. In 18S4, 3.22.3,269 individual fish of the ood and sue 
ling kind were caught, of which 1,385,699 wore from the Orkney pel- 
and Shetland Islands, and the remainder from the other fish- fish 
ing stations on 

our coasts. In ^ 

1857 the total 
amount of ood, 
ling, and hod- 
dock taken by 
fishermen 
the United 
Kingdom was t 
Cured and 
dried, 104,6681 
cwt. ; cured in 
pickle, 4,303.J 
barrels; cured, 
dried, and ex- 

I o, o,A the cod. 

ported, 34,310 

cwt. 

The groatost eod fishery in tlie world is on the banks of New- ■ nbc 
foundlatid. Those banks are based on a large rocky shoal about ' vin 
COO miles in length and 200 in breadth, bciSig, in fact, the top i ( 
of a vast submarine plateau, over which the ocean rolls. This of 


coasts, and in season from May to November, me principal 
fishing stations ore on the sou^ coast, from Sussex to Devon* 
shire, esiMoially at Brixham and Torbay. Plaice, fioundtn, 
dahs, halibuts, etc., are all in great request in the market, bat 
can only be mentioned. 


IAmphey (Petromyzon marinus ).—^An eel-like cartilagiaomi 
fisnThaving a funnel-shaped month, surrounded by a oironlar 
suctorial lip, by means of which it adheres to stones (Greek, 
peiron, a rook; and muto, I suck) and to the bodies of those 
fish on which it feeds. Formerly the lamprey was considered a 
^ groat delisacy, 

and one of our 

Although 

whore they, 

abound. Lampreys reach this country packed in jars with 
vinegar, spices, and bay leaves. 

Common STiriiaKON (Jci'iunstr s/urio) belongs to the group 
of CurtltSprioas fishes. 'I'ho body is elongated, spindle-form. 


- vavrssgaiiw'vsy c|.saa*vajv~awa awy 

place IS a great remlc/.vons for cod, which resort there to feed | and nsuolly from five to six feet in length ; the head, which is 
on the worms, which are plentiful in these sandy bottoms, and : dopressod and produced into a triangular snout, is covered with 
on account of its vicinity to the polar seas, whither they return , rows of largo tubercular bony plates. The sturgeon is abnn- 
to spawn. The cod are found hero in euoh numbers tliat dant in the seas of Northoni Europe, also in the Caspian, the 
although marilinin nations have for centuries worked indefati- j Black Sea, and the ModitoiTanoan, ascending the rivers in great 
gably at those fisheries, not the slightest pioecptiblo diminution numbers to spawn. 

of their abundance has ever been noticed. The Newfoundland | Caviare, which forms an important article of commerce, con- 
cod fisheries are carried on now prineii a’.ly by the French and , sisls'VSf the roc of different species of this fish cleaned, washed 
Americans. The 

Bntish interest ^ -z:- 

in them 1 ms do- a„d then oom- 

chned of late 3 ^. pressed into 

years very con- ^^, 5 , 00 , or 

mderably, as wo 1 j„^okod in kegs. 

trans- IJuHHian caviare 

forrod the site -broughtfrom 

of our opera- j fhc Caspian and 

tions to the Black Sens—is 

coast of Labra- J1 consi- 

^aQTQ dorod tho best. 

20,000 English Muchcavioro is 

RQilorfl, witit also prepared 

from 200 to 300 on the sLres 

schooners, ore - " of Bower 

annually em- 1 . Damibo. That 

ployed. The ' furnished by 

Amerieons fit 1 the sterlet 

ontthoirvessels (AHpi-vsir-m 

chiefly at Bos- thenns) is so 

ton, and ^ thus ^ ? superior that, 

from their vi- TTspii, according to 

oiniiy to these _ __ ^ Cuvier, it is re- 

fishing-grounds ~ " seivcd for the 

possess a groat the floundeh, bole, and i-Laice. impciial court 

advantage over of liussia, 

fhe English. Immense quantities of ood are sent by England, Isyiglass, another product from these fish, is prciiared from 
Franco, and Holland, partly salted and dried to Southern thmf air-bladders. This siiVistanco owes its commercial value i 
Europe, ohiefly for eonsumption during Lent and the other to its extremely delicate fibres, which operate mechanically in i 
fasts of tho Boman Catholic Church. the clarification of white wines and malt liquors. It is also ^ 

(Rhombus maximus ).—^Taken on all onr coasts. The much employed in cookery. Kussiau isinglass is preferred to 
English ■ markets, however, are supplied chiefly with Dutch that from Hungary and Germany. 



IKE FLOUNDER, BOLE, AND FLAICE. 


Twrbot (Rhombus maximus ).—^Taken on all onr coasts. The 
English' markets, however, are supplied chiefly with Dutch 
turbot, which is preferred ; these are caught on the sand-banks 
lying between Holland and the eastern coast of England. The 
Dtttoh receive 480,000 per annum for supplying the London 
markets with turbot; and tho Norwegians 415,000 for about 
1,000,000 Norwegian lobsters, used partly as sauco for turbot. 

^SoLE (SoUa vulgaris ).—Tho sole is oommon on tho British 


PRODCCTa OF THE BUB-KINGDOM HOLLUSCA. 

Moll ubca (Latin, mollis, soft).—Soft-bodied, invertebrated 
animals, doroid of an internal bony skeleton, having a gangli- 
ated nervous system, the gangSia, or knots of nervous matter, 
being irregularly dispersed in different parts of tho body. They 
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iaen a diatmct pnlmonaaiy or braneUal cuenlatioii, white at 
blnish blood, end is most ciwieB a shell oorering, in which tiie 
animal resides. This is secreted by the margin at a peooliar 
organ termed the mantle, or an external fold of the skin re> 
fleeted over the body. Many of the lowest and some of the 
' highest of the MoUnsoa are naked, or a homy and testaceous 
'rudiment of a shell is developed, but remains concealed beneath 
the substance of the mantle. When, however, the shell is so 
much enlarged that the contracted animal finds shelter within 
or beneath it, then the mollusk is termed testaceous (Latin, 

■ testoghii shell). Wo shall confine onr notes to tbertestoceous 
Mollusoa, as commercially they ore the most valuable. The 
following are the chief classes of the MoUusca :— 

1. Cephalopoda, or licadjooted (Qreek, kephale, head, andjious, 
a foot), hKving the head well developed, protruding from tlm 
mantle, and famished with tentocnla, serving for the seizure of 
food and for drawling. Examples; nautilns and onttlo>fidt. 

2. QsnUxopoda, or bell/y-footed (Oreek, gaater, the belly, etc.), 
oiawlmg by moons of a broad muscular disc on the lower surface 
of the body, which serves as a substitute for legs. Examples : 
BeUx horioTisU, the garden snail; Lymncea stagTialu, the pond 
snail; and lAmax agrcHis, the field slug. 

8. Ptenpada, or vnvg-fooled (Greek, pterem, a wing, etc.), 
comprehending a few inollnsks which have a natatory wing-like 
expansion on each side of the head. They are naked, or pro* 
vided with a delicate uuivnlvod shell. Example: Clio horealis. 
Most of the species of the class Pteropoda ore fossil, but a 
groat many arc still found in existing soas, living near the 
surface. 

The Clio boreaiie forms the food of the whalebone whale. It 
is an inch long, uses its light sheD as a boat, its wing-liko fins 
as oars, and so navigates, in countless numbers, the tranquil 
surface of tlio Arctic seas. 

4. Conghilera, or shcll-comrr* (Latin, coneho, a shell, and 
fero, I carry), Inolnding oil the bivalved mollusks not Braehio- 
pods. Examples : oyster, mussel, and pearl oyster. 

5. Brachiapoda, or anri~fogled (Greek, hrachion, an arm, etc.). 
—Bivalves devcitfl'oMbcomotive power, and attaching themselves 
to foreign bodies; they arc furnished with two long ciliated 
arms developed from the sides of tho month, which, by producing 
ooRents, bring food to tho animal. Examples: Terebratula 
and lAngula, 


APPLIED MECHANICS.—VII. 

BV KOBKBT 8TAWKLI. BALL, St.A., 

Professor of Applied Mathematics in the Boyol College of Satenoe, 
DubUn. 

MACHINERY USED IN AGRICULTURE. 

UBCKANICAIi APPLIANCES TTSED IN PBEPARINO THE SOIL 
— UACHIKES USED FOB SOW'IKO—HACHINE8 USED IN 
REAPINO. 

Thx application of machinery to the different branches of 
a^iculturo is of oonsidccable antiquity. Not to mention tho 
simple implements such ns spades, rakus, etc., more complicated 
machines Imvo been in jso sinco tho earliest times. A form of 
plough wluoh was uscfd by tlio ancient Gomans is still employed 
in parts of Franco and Italy. The ploughs with which we are 
familiar are, in fact, to a certain extent on tho typo of tho 
ancient instrument, but have roooivo^ from tune to time im- 
provomoilts whioli the oxperionoo of suooosaivo generations of 
cultivators of the soil have suggested. Tho Gomans wore also 
acflustomod to irrigate tlioir laud by artificial meons when (dr- 
oumstanoos were suitable, and this process is stiU recognised 
08 one of tho most soiontiflo applications of capital to sgri- 
culture. lu this lesson, however, wo propose rather to sketch 
tte present condition of agricultural maoliinery than to trace 
its history in suocossive ages. Thoro are other applications of 
science to ogrioultnro besides those whioli relate to the om- 
ployincnt of machinery; notably among these is tho service 
rendered by ohemistiy in tlie analysis of soils and manures: 
with such matters wo have nothing to do. This lesson is 
intended to describe the mechanical appliances employed, first, 
in the preparation of tho soil; secon^v, in the putting in of 
tne crop; and, thirdly, in tlie gathering of tho crop. Tfaoso 
who wish to pnrsne tho subjeot farther will find a considerable 
amount of information in IhnialdsoB's “British Agriculture,“ a 


work to which I must acknowledge my obUgathms in the pi» 
paration of the present lesson. 

MECHANICAL APPLIANCES USED IN P BEP ABINO TBOi BOIL. 

Land may suffer on the one hand from sn exoess of water, 
on tho other hand from a defioienoy in that fertilising liquid; in 
either case mechanioal applianoes muet be resorted to aa a 
remedy. In the one cose we must by drainage endeavour to 
remove tho superfluity, in the other oaee by irrigation we can 
supply tho water which is nooessaty. There is no occasion, 
however, to do more than mention these important operations 
here, As the various methods employed for canying off surplus 
water from the soil by ortifioial moans, and distributing ferti¬ 
lising currents over parched grass-lands, are fully described in 
the lessons in “ Agricultural Brainago and Irrigation ” given in 
this work. 

Drainage and irrigation are most nooessory mechanical opera- 
tions in the treatment of tho soil prior to its being aotually 
broken np for tho purposes of tillage. To this important subject 
we now proceed. Tho earth is a very weighty material, and 
the labour that is expended upon breaking it np consists in 
groat port of tho actual exertion of raising its wei^t throngb a 
small height and replacing it again. Tlius tho soil that covers 
on acre to tho depth of four inches weighs from 600 to 700 
tons, and if in the process of breaking up this moss has to be 
raised even to tho height of a few inches and replaced again, 
tho consumption of work is very oonsidorablo. Bnt in addition 
to tho more weight of the soil, there is its tenacity also to bo 
overcome. It is probable that in many soils, if not in most, 
tho force roqnisito to overcome this exceeds that which is duo 
to the weight of tho soil alone. Thus in digging a garden with 
a spado, though tho sharp edge of the spade divides tho soil, 
yet tho moss that is being removed has to bo tom away from 
tho lateral portions, and in tenacious soils, os every one knows, 
this resistance is very great. A spado is, in fact, a jioworful 
lover of tho first order. The power is applied by the bands at 
one end, tho falcrum is tho upper portion of tho spade where it 
is in contttct with the surface of the soil, and tho load is tho 
mass of earth which is being removed. The leverage in such an 
implement is at least sevenfold or eightfold, and even with this 
meohaniual advantage tho operation of digging is one of great 
labonr. 

On the largo scale, the use of tho spade is, of oonrse, re¬ 
placed by tho plough. Wo here abaudou tho prinoiplo of tho 
lover 08 a mechanical power, bnt wo replace it by the wedgo 
which we have already described. In reality the ploughshare 
is a wedgo whioh inserts itself into the soil, and overcomes both 
the resistance of tho weight of the soil and also that presented 
by its tonaoity. 

It will bo well to mention the names whioh are applied 
technically to the different portions of a plongh. Wo shall 
then consider tho prinoiplos on whioh the notion of tho plongh 
depends. The bottom of the plongh is called tho sole; to the 
point of this is fixed tho share; the beam projects in the front 
of the plough, and to it the oxen or horses are attaohod. 
Attached to the beam in a vertical position is the coulter; 
this cuts a vortical section in the ground; while the point of 
the share, expanding into a fin, cuts a horizontal slice from the 
ground under it. The mouM-loard is placed behind the fin, 
and serves to raise np andftemove the slioo which has been 
out by the oonltor and share. These different portions of a 
plough will bo soon from the illustration of a veiy improved 
form of plongh (Fig. 3). 

The action of the plough is therefore threefold. First, tho 
vertical out by the coulter, then tho horizontal out by the shore, 
and, finally, tho turning over of tho portion thus out by tho 
mould-board. Experience has done more in devising the form 
of the plough than direct application of soienoe. The aotnal 
problem of finding tho best possible form of plough would bo 
a very difficult one, even if all tho conditions of the question 
were known; bnt owing to the varying conditions of soil, it is 
almost impossible to devise any very rigorous statement of tho 
problem whioh the host oonstmotion of a plough would involve. 
We shall, however, give a short account of what is known as 
to the principles on which the plongdi acts. The aooompanying 
figure (Fig. 1) is taken from tho “ E^lish pyolopsdia,” in which 
an exoellent oooonnt of the theory of the plough will be found. 
Let A B D c zeptoeeat the slice of groni^ wM^ is being le- 
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mored by the plongb; A c is the vertioal out which is made 
by the oonlter; o D the horizostaJ out whioh is made by the 
shore. The o^eot of plongbiag is to turn this sod up to the 
rertioal position, o a ab, and then to tdt it over to tiie inolined 
position, d' 5' a' s', so that the original surface, A B, is changed 
into the under sorfBoe, a' b'; the object of this is to kill the 
woods or grass that may be on the 

surface by burying them, and at e 

the same time to expose as much 
of the soil as possible to the action 
of &e atmosphere. The problem, 
then, whioh the monld>board has 
to solve, is to effect this operation 
as uniformly and with os little 
waste of power as possible. This 
condition points out that the sur¬ 
face of the mould-board must bo 
that of a screw, which might bo 
produood by a line nine or ten 
inches long, whioh revolved uni¬ 
formly about an axis through an 

angle of 135*’, while at the same time it travelled along the 
axis through a space of three or four foot. 

The portions of a plough are now generally made of cast- 
iron, and a very beautiful property of cast-iron is mode use of 
in the point of the sliaro. It is well known that cast-iron when 
poured into an iron mould becomes intensely hard. It is called 
chilled iron, and 
is used whore or¬ 
dinary cast-iron 
would Ibo too soft. 

In casting the 
share, the lower 
surface of its point 
is in contact with 
iron; the conse¬ 
quence is that the 
under surface of 
the share is of 
chilled iron, while 
the upper surface 
is of ordinary cast- 
iron. The effect 
is that the upper 
part of the point 
is worn awaymore 
rapidly than the 
under surface, and 
consequently the 
share always pre¬ 
sents a sharp 
edge. The aotuol 

draught required in drawing a plough is very variable; but 
it may, on the average, bo taken at about three hundred¬ 
weight. This point is carefully attended to in comparativo 
estimates of the merits of different forms of plough. It is 
ascertained by attaching a dynamometer to the plough, and 
applying the power of the horses to the dynamometer. 

It is usual now to employ, | 
when the circumstances will 
admit of it, steam power for 
drawing ploughs, in place of 
the muscular power of ani¬ 
mals. To render this plan 
capable of economical adop¬ 
tion, a large area must re¬ 
quire to be ploughed, and 
iiio land should be tolerably 
level. The steam-engine 
which gives motion to toe Kg- 

ploughs is in one comer of 

too field, and its power is communicated by means of wire | 
ropes, whioh passing over pulleys properly attached at toe 
margin ef too field, are fastened to the ploughs. One ongino 
is tons enabled to work several ploughs simultaneously. 

The next operato)n to whioh the land is subjeeted is that of 
harrowing. This is of a very simple chanu^er; it consists j 
merely in drawing a frame covered with spikes over too newly-' 


ploughed fields, for toe purpose of breaking up the olods whioh 
toe plough Las turned up. Nothing further need bo said of 
this process. 

HAGHINXB USED VOB BOWIKa. 

In sowing, it is desirable that toe seed be distributed with 
regularity over toe surface, and in toe quantity which ezpe- 

rionoo has found most desirable 
a o' If iB also 

necessary that the seed bo depo¬ 
sited at precisely that dop|h in 
too soil at which it will be most 
favourably circumstanced for ger¬ 
mination. Now machinery, by toe 
regularity and certainty of its 
action, is eminoutiy adapted for 
toe purpose of placing seed at the 
right depth and in proper quantity. 
It is not, thei-efore, merely as a 
labour-saving agent that sowing 
machines are useful; they accom¬ 
plish the work with n perfootion 
that it is not possible for labour unassisted by their means 
to attain. It is found that seeds sown in drills yield a crop 
{nore economioally than when the seeds arc sown broadcast. 
The machines which are employed in sowing arc tborofore 
adapted for depositing the seed in drills. These machines arc 
themselves technically colled dnlls, in conaoquonoo of the object 

for which they arc 
employed. In 
Fig. 2 is shown 
what is nailed the 
No r t hnmborland 
turnip drill, used, 
as its name ex¬ 
presses, for sow¬ 
ing turnip seed. 
It is a very perfect 
instrument of its 
kind, and a de¬ 
scription of it will 
ombriico toe prin¬ 
cipal features of 
nil too bettor ma¬ 
chines of this 
class. Wo have 
borrowed this 
figure, and the ao- 
oompauying de¬ 
scription of it, 
from the “ English 
Cy olopmdia.” 
This machine is 

adapted to introduce ground bones, or other mnnnro of the 
same class, into the ground simultaneously with too seed. 
“ The body of too drill consists of two boxes, A and n, divided 
by a partition between them, and each again divided into two 
by another partition at right angles to the first. Into toe box 
A is put too manure, into B the seed. Iron slides are fixed on 

each compartment to rogu- 
• late too supply (f seed or 

manure. In thu lower part 
of too box, and just before 
the opening, which is regu¬ 
lated by tlie slides, arc two 

cylinders, one for the box A, 
and too other for n. On the 
oylindor in a arc fixed shal¬ 
low cups with short stems 
which dip in too boxes, and 
carry a certain quantity over 
too cylinder as it turns, 
whioh falling in too funnels, k, k, is deposited in the furrows 

mode by toe coulters, n, ii. The cylinder in too box n has 

projecting pieces of iron with a small eavily in each near the 
end, which takes up a very small quantity of Bccd, and dis¬ 
charges it in the same manner into too two funnels, k, k. On 
toe axis of the wheel e is a toothed wheel, which turns a 
small wheel, n, on the axis of the cylinder in A, and thus turns 






2d2 


TIIE TECHNICAL EDUCATOB. 


aaothor wheel, c, on the uis of the cyUndet in B. As theae In poesuanoe of thi« plan, only just as amoh of th« theory of 
two wheals move towards each other, the two cylinders tom Perspective is given as will enable the student to comprehend 
in contrary directions, which is a convenience in tnndng the the subject; and an endeavour is made, as the lessons advance. 
Head and the manure into the funnels at the some time. The to show the application of the principles, and of the few rules 
wheel F may bo lifted up by moans of a lever a, and then the laid down. 

cylinders do not revolve. There are various other oontrivanoes The studios are very careful^ gradtmted, commencing with 
which cannot easily bo explained without a more detailed figure the perspective projectiou of single points, and proceeding in 
of the different parts.” It is always difficult to convey an sncoossion to the oonaideration^of lines, planes, and rectangular 
udequate idea of complicated niachlnos by description : an solids, in the foregronnd and in the distance, when parallel or 
oxamination of the machine itself, which is to be mot with in at an angle to the picture. 

any aj^oultuxal museum or show, will explain its action better The course next takes up the delineation of polygons, prisms 
than any description, however lengthy. and pyramids, oirolos, cylinders, and arohos. 

The examples are all clearly drawn, the working linos being 
MAOiifNES hi;kd in beafino. shown; the lettering is plain; and the instractions as simple 

Wo liavo soon how inauhinery aids in preparing the soil and i® consistent with the proper explanation of the 

sowing the seed ■ w« have now to oxamino its utility in enabling subject. ,,,. jixi,. j.,. 

the fiirincr to realise tlic fruits of his lahoiir. KcaTung-machines hxereises arc added in ornor that the student may tost 
are of vorv mod..Tn . onstniction ; they are eminently useful as -whother ho has fully oomprehondod what ho has boon taught, 
lahonr.savcrs, ami simultaneously witii the riso in wages of whether ho can vary the cironmstancos whilst applying 

iijrrit'ulttiml labouror^ have reupinf^-uiaohinos cuiiin moro and principloR- Ihis will counteract tho tondonoy to tho 

more ijiti> uho. 'Jlicy vary very much iu eximial appearance, diagrams ho often mot with. . i n j. j. v 

but certain primuplea appear to l>o common to all tho different exercises will also bo found most valuahlo to teaohers, 

form.s. The blade of tho reaping-machine consists of a series “■''O a^lvised to wnto them on the block-board, 'causing each 
of notches, os shown in Fig. 4. llieso notches are sharpened «>« tV*'® «■ different centre, points of dm- 

' tance, scale, oto., whilst still working out tho subject according 
to tho other data given. 

Tho student is urged to work tho figures contained in lessons 
in “Practical Geometry applied to Linear Drawing” either 
before, or ooiioiuTontly with Perspeotivo, as ho will otherwise 
find hknsulf ooiistantly in the awkward position of being unable 
Fi^. 4 . to construct tho geometrical form whidi he is cndcavonring to 

put into porsjHiotive. It will also ho of advantage to him to 
on their edges by gtinding-slones of peculiar construction. If i study “Projection” either previously to, or at tho sumo time 
wo conceive two hliidos of this shape, one immediately overlying [with, those lessons, as he will then bo able to observe the 
tho other, and if tlio one he held fast and tho other bo made to I changes of form caused by tho parallel lines of the owe system 
oscilittto hackwaids and forwards rapidly, wo have tho essential ! n-n<i the convergent lines of tho other, whilst tho knowlodgo of 
principlo of a reiiping-moohine. Those Idadcs are eameda few ! developments will enable him to understand tho true forms of 
inches above the suifaco of tho ground, and one of them is I the surfoeos which heooirio so much alti-red by Persimctivo. 
made to oscillate by muaim of a mechanical connection with tho i All tlie studios are based upon the actual experience gained 
wheels of tho mauiiino; a scries of arms force tho straw into 1 during nearly twenty years’ teaching, in which the iuciuirios 
tho notches, and it is immediately cut across by tho moving ' students, their difiieulties, and tho errors into which they 
tnlges, and tho machine neatly deposits tho corn which has are most liable to faU, have boon most carefully noted ; and it is 
been cut. therefore hoped that those lessons may do tho work at which 

Wo have in this lesson only been able lo givo tho merest they aim efficiently, so that the term “ Pcr.speotive,” insteatl of 
outline of tho debt which imalorn agriculturo owes to machiiicrj-. uttered with dread, as a raystcrions art known only to 

'I’liore are iiiiuimerahlo appliances into which wo cainiot enter. *“®'y liccomo as familiar as a housobold word to tho 

Tlirashing and winnowing machines would form a snitaMo ind thus, by a knowledge of its principles, our students 

sc((iiol to reaping-muchincH. Wo might also speak of machines “‘^y bo enabled, not simply to work out tho lessons with their 
for cutting down trees, for removing stumps of old trees from iustruments, but to sketch with rapidity and oorroetnoss, whether 
tho ground, and maehines for excavating earth. • ITiore we object or from memory. iVhen 1‘erspeeHve is thvs 

niinieroes inw.hiiies in constant use in America with which wo uiub'i's/ood, it beeoiiws ituleed the grammar of a universal 
are not familinr here. Tlicro the liigh price of labour has language. 

I'ondored nil lahunr-saviug aiiplianccs of far greater economic rnAcriuAij FEUSrECTivE. 

imporiance than in older exmutrios where the population hears Perspective is that branch of “Projection” which teaches 
a higher proporlion to tho eaxiabilitics of the soil for jiro- tho mode of drawing objects, etc., as they appear to the eye of 
. duclioii. tho spectator in whatovur position he may be placed. 

r rr: : - .. , — 'J’his ajipoarance will, of course, bo altered by (1) tho distance 

■riT, 1 /Nn, ry » r •, -n . . - objoct froBB tho si>octator, and (2) its position. 

rivACTrCAIj I’EllSJ’ECri^ E. —I. TLo moment wo open our o’os a flood of light enters, and tho 

infroiujction ' ™y® which pass from the smtlioos of every objoct arc thus eon- 

..... ' . voyed by the oyo to the brain. 

■Jnu intimation that those lessons are written to supply a As these rays pass from tho entire suirounding space through 
want has become so hackneyed, that it is only rciicated here the small opening called tho pupil of tho eye, they are said to 
because no other soiitonco would so well exi>ie«s their real •• convargo,”* and thus form what is called tlie “ visual angle.” 
purpose: and it is hoped that by their iiuhlic.T.tion a series of Of aonrse, tho angle at which tho outer rays meet depends on 
really elemontaiy lessons will be given which will bo useful not the sUo of the aperture in tho eye of different persons. For 
****!?, teaohws, but to the public generally. Xiorspeotivo purposes, however, an average angle has been 

Tho words used in tho introduction to the lessons in “ Pmo- generally adopted—namofy, that of 60°; for experience has 
tical t’leometry apidiod to Linear Drawing” refer C’lpially to shown that the majority of persons can sec, lot ns say, a lino, 
those lc.s«on8:--“The subject is not treated as a matbe- a B (Fig. 1), when the distances from A to c (the stotaon of the 
luaticiu, but 08 a thoroughly practical one, and tlierefore no spectator) and from B to o arc equal to the length of the lino; 
.absolute system cf roaaouing is attempted : still, it has been and it will bo seen that an equilatetol triangle is thus formed, 
right to piv© 8om© simple and familiar explanations of angles of which, an ha» already been shown in Praotieid 
^ of tho yorioua figures, and the principles upon aeometry applied to lAneax Drawing, are all 60*. 

which their constanotions are baaod, as it must be obvious that Bntvthe rays do not proceed from a mngle line, tims forming 
xha mote the mind comprehends of the relation of one line and a plane triangle, but from the entire surrounding epofoe, Mk 
form to another, the more will the eye appreciate beauty and 

rcfincmcut, and the more intelligently will tho hand exeente.” Constrjc.—To inelins together, so as ultlinatsly to meet in a point 
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triangle a B c »thni, aa it were, rotated on the central lino 
a D, and a cone {that ie, a toUd triangular body having a circle 
for its baee) ia formed. The line c D, or azie on which the 
triangle hae been rotated, ia called the central or principal 
vianal ray. 

It will be olear, then, that ainoe the boae of this cone (Fig. 2} 
comprehends all that can be seen when looking atroight forward, 
onr entire picture mnat be contained within it. 

The apex, c, of the cone ia called the siaiion-point, aa being 


the other. Now let tiireads attached to the angles of the cube 
pass through small holes in the plane in straight lines to the 
eye. Then if those holes are joined by lines, the exact per¬ 
spective appearance will be obtained. 

Now it is easily understood that this centre of vision wOl be 
moved as we turn round, and hence some objects will gradually 
be removed from onr view, whilst others become visible; but so 
long as we do not stand on higher or lower ground, the hsiyht 
of our eye will remain the same. 



the station of the spectator, or the ^inl of sight, since it ia the | The horixontal Unn is a lino drawn throngh the centre of 
point from whence the sight is obtained. i vision in a horisontal position, as its name implies. It shows 

The opposite cud of the central ray is the centre of.tho base i the height of the eye of the spectator in lolatioti to the ebjccta 
of the cone of rays, and is therefore called the centre of vision.* I drawn. This is shown in Fig. d. 

The surfoQo on which we draw is called the picture-plane. It | Here c is the centre of vision, and u i. the horizontal line, 
is supposed to be transparent, and (as a rnlo) to bo placed j The cube lettered a is above the level of the eye of the spoe- 
vertioally between the spectator and the oiijoot; the rays j tator, and b is below. Thus tho under surface of a and the 
passing from tho object through this plane give the apparent j upper surface of b are seen. Both aro on the left of the 
form. Thus, let a plane stand on its edge on a table, and let a j spectator, and thus tho right side of each is visible, 
cube be placed on one side of it, the eye of the spootator being on Tho cubes c and d are similarly placed as to tho horizontal 
■ • J^. hc^e'vw, in looking forword from tho“7oint'of station, the being on the right of tho spectator, their left side is 

point c (the one end of the central ray) is immediately in front of the , presented to view. 

centre of the circle, the point has generally been termed the " point of '^'be cube e is above and / below the horizontal line, and thus 
sight." I tho bottom of the one and the top of the other is seen ; but as 
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they are immediately abore and below the oentre of etokn, 
seitheT aide ie vieiblo. 

Afrain, tho cnbe 0 id on the left and h ia on the right of the 
epootatur, but botlt are on a level with tho oentre of virion, and 
therefore only the ride of each in eeen, bat neither top not 
bottom ; whilat in k, whieh ia immediately opposite to tho eye 
of tho spectator, none of the sides, eKoepting that whirii forms 
tho front, ore visible. 

It is no«!OBsai 7 , however, to fix in n definite manner the 
positions of tho linos which represent tho distant edges of tho 
objects, for it will bo evident, on referring to the cube b, that if 
these were placed at se, tho object would appear a long balk of 
timber instead of a cube. The correct proportion is, however, 
obtained by means of points, of which we shall now speak. 

Tlie points of distance represent tho distance of the eye from 
the pictnre. 

To illustrate this, lot us now turn to Pig. 4. Horo A b c is 
tho cone of mys standing on its base, hiow, os tho pictnre- 
plono forma a part of that base, it will bo clear that tho length 
of the axis, or ncntrol ray, c 1 >, ropresoutn the distance of tho 
eye (situate at tho apex of tho ooiio) from tho picture, and it is 
now roquirerl to lay this length down on our paper, 

It hoa born saiil that the cone adopted for the purposes of 
porspectivo has its alanting ride equal to tho diameter of its 
base. 'liicmfoi’e any sootiou taken through tho axis would kq 
on equilateral triangle, as u c v. 

Now, if wo imagine tins equilateral triangle rotated on the 
line E F, first on the one side and then on the other, we shall 
obtain o and ir, which will be the points of distance, for D a 
and l> H will bo oqual to » C, the altitude of tho triangle or axis 
of tho cont‘, which is uecoaaorily tho diatanco of tho spootator 
from tlie piciure. 

Fig. 5 is the plan of this cone. 

Having drawn tho picture-plane, ah cd, and tho base of tbo 
cone surrounding it, draw tbo perpendicular line e f. 

Prtjm E and with radius K F, dcaoribo ares cutting each 
other in a and if, which will bo tbo points of diatance. 

To show at once tho uae of thoao points, draw tho square e, 
and from its angles draw liiica to l> (reproaenting mys of light 
passing to the apex of the cone). 

Now from tho point / of tho mho sot oif what you know to 
be the real width of tho distant ride (which in this cose will be 
equal to tho width of the front, the objeot being a cube), 
BMBOlyi/?- 

From g draw a lino to o, whieh, cutting / b in h, will give 
the point at which the distant edge of tho cube is to bo drawn. 
This figure may bo slightly in advance of tho student's present 
knowledge, and is merely introduced here so that tbo purpose 
of tho points of distance may as soon as possible be made 
evident. The steps loading to this subject will, however, bo 
clearly shown heronftor. 

Tito centre of vision, although the oentre of tho base of tho 
oone of rays, iitiod nut noooastirily bo tho centre of the picture, 
for although tho picture-p^uno must bo contained within tho 
eirolo, it need not ocenpy the whole, but it wusl toueh tho cir- 
enmferenco at one point. 

To find tho points of distance when the picture-plane, ah cd 
(Tift. 6 ), and the eontro of vision, b, oi'p given— 

Through b draw the hurizuntal hue. 

FYom D, with mdius b a-—that is, from tho centre of vision 
to tho most distant angle of tho picture-piano—describe tho 
base of tho cone of raya. 

Draw B F through U, and with e f as radius, de-scribe arcs 
cutting each other in o, li, which, as before, will bo the points 
of distance. 

The bottom lino of the iiicture, c d, ia called tho pictwe- 
line. 

It is not always nooossary to employ the whole of the pietnre- 
plane or base of tho oone of rays; it is, thorefore, generally 
enough to state the height of the eye of the spectator, and his 
distance from the piotnro. This plan will now be adopted, as 
wo .riiall be thus enabled to employ the whole space at our 
disposal in delineating the subject of the study. Tho centre of 
virion will throughout the lessons be called c, and the points 
of distance, r b. It may also be as well to remark that 
wherever it ia necessary to speak of the horizontal line and 
refer to it by letters, ths letters H i, will always be used to 
denote it. 


TECHNICAL EDUCATION ON THE 
CONTINENT.—X. 

BT XLUS A. BAVIBSOB. 

THS OBAND DT7CHT OF HSSSS. 

Tax POLYTXCBmO BCBOOL AT BABUSTAOT. 

DtMtixa many years past there hod existed in Darmstadt, 
under tho names of Higher Trade Sohools and the Teohnioal 
School, institutions for the promulgation of Technical Hdnoation. 
They were tolerably saccossful and were well attended, and 
many men, who have since become celebrated as profoBson, 
engineers, architects, and public officers, proceeded from these 
schools. 

The objects of both these institutions were precisely the some, 
but a complete eduoation was not given in either; and students 
hod to proceed to various establishments, mostly in other places, 
to obtain instruotion in higher or special studies. This, again, 
led to tho establishment of other schools for various branches; 
and thus a falling-off in the numbers in the two original schools 
took place. In 1868, however, tho Legislature and the pro¬ 
moters of the separate schools united, and from this amalgamation 
the Polytechnic School at Darmstadt arose, as a High School 
for technical oducafiou adapted for persona of all grades of 
society and of every trade, admirably organised in every respect, 
and possessing a staff of nearly fifty professors and teachers, all 
men of the highest standing, working out a system well oon- 
ridered and complete, in a manner which must have o lasting 
effect, not only on Germany, but possibly on Europe genomlly 
—we may say on t!»e world; for who can toll whore the seeds 
sown by education may not bo carried? And when we see 
swamps drained, deserts watered, and canals dug which nnito 
sea to sea, and know tliat thoao are some of tho works of Euro¬ 
pean oiigiuocrs, wo cannot but feel that tho words spoken in 
tho class-rooms are like so many rays of sunlight, which, though 
they may bo buried in the mind of the student for many long 
years, will rise again (oven ns the light of thousands of years 
ago is now evoked from tho coal mine), perhaps in far-distant 
lauds, to illumine aboriginal darkness, and to spread tho laws 
of God (and is not science His law ?) amongst tho savage and 
ignorant. Tho Bolyteohnic School at Darmstadt, then, is a 
higher teohnioal school, professing to give a complete course of 
instruction for tho various branches of tho higher walks of 
industry, together with the required art-knowledge, acoompanied, 
wherever possible, by actual practice. The studios are there¬ 
fore arranged to suit tho necessities of the architect, engineer, 
machinist, practical chemist, manufacturer, pharmaoeutist, 
agriculturist, land surveyor, and all others whoso vocations 
are based on scientific principles; whilst the general knowledge 
imparted is such as cannot fail to be eminently useful in every 
walk in life. 

Tho School ia divided into tho following departments z— 

1. Tho General School. 

2. The School of Practical Architecture. 

3. Tlie Engineering School. 

4. The School of Mechanical Construction. 

5. The School of Technical Chomistiy. 

C. Tho School of Agricultnre. 

Tbo studies in tho general school oompriso mathematios, 
and natural history in its ri^dost sense, the conrses being so 
aiTangod as to prepare pupua in every way for entering the 
higher dejiartmenta of the institution, or any of the speoial 
classes they may subsequently select. _ ■ 

The instruction in the Polytechnic Institute is given in the 
form of lectures, questions, repetition examinations, graphio and 
constructive practice, work in tho laboratory, and ezeutrionEi 
to various faotorioa, building works, etc., whilst immense benefit 
arises from tho person^ intercourse between the masters and 
pupils. 

The teaohors are either members of the absolute sriiool staff 
or persons called assistants, who lecture on or teach the prootiw 
of their particular vocation. An amount of praotioal skill is 
thus brought to boar, which othets, however highly educated 
they might bo, could not possess. 

The head of every department is, however, a profosaot holding 
a high ITniverrity degree. 

Private persons also, who have mode some particular broneh 
of science or art their etiidy, And have become oelsbnted ia iW 
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or who an tiia anthora of aome important invention, are from 
time to time invited to give looturos, and by this meona the 
interest of the atndenta is awaken^, and their knowledge 
brought np to the state of aoienco as developing around them. 

The applionoea for oartying out the objects of the School ore 
very complete, and inolndo the musenma, laboratocica, and col- 
leotiona of the two original suhools, tlio botanical garden, and 
fields for agricultural experiment. The models used for teaching 
projection, and those for illustrating the principles of mechanism, 
are admirable; they will be dosoribod further on. The pupils 
have also the use of State musoums of arts and manufactures, 
and of all similar ooUoctious. 

h’or admission to the lowest form of the general school, the 
candidates must be at least sixteen years of age. They must 
give proofs of their having reached the standard of instruction 
given in the upper classes of the “ Kcul" schools of the country, 
and must bo prepared to pass au examination ns follows : — 

1. Algebra as far us oquations of the second degree, and on 
acquaintance with logarithms. 

L Plano geometry and the olomonts of solid geometry. 

3. A good knowledge of the German language and style, 
shown in the oompositiun of im essay on a given subject. 

4. A knowledge of tho groat periods of general history, and 
of the leading events of those periods. 

5. Exercises in linear and free-hand drawing. 

THE aENEBAL BCIIUOL. 

This department is organised to give a sound and practical 
education, not only to youths intending to enter the various 
trades, but also to the general public, fho following is tho 
course of studies:— 

First year:—General history and literature, the German lan¬ 
guage, mathematics, descriptive geometry, free-hand drawing, 
the French language, religion. 

The following stndios are recommended:—Tho English lan¬ 
guage, zoology, systematic botany, gymnastics, vocal music, 
Xatin. 

Second year:—General history, literature, and tho German 
language, mathematics, especially analytical geometry of planes, 
desoriptive geometry, free-hand drawing, experimental physics, 
mechanics, tho From^ language. 

Studies reoommoudod i—Tho English language, gymnattias, 
vocal music, Latin. 

BGHOOI. or rSACTICAL ABCHITECTirBE. 

The course of studies agrees with tho oxamiuationa in tho 
Civil Sorvioo of tho Grand Duchy of Hesse. The syilabas is 
arranged in two sections, corresponding with the examinations 
for lugber or lower grades in the CivU Sorvioo. The courses are 
indopeudont of each other. 

(a.) Lower Course (for students who are not preparing for tho 
CivU Service): first year:—1. Physios, acoustics, light, heat, 
galvanism, polarisation, optics. 2. Experimental chemistry. 
3. Mineralogy and petrology. 4. Free-hand drawing, building 
materials, building construction (first course), ornamental draw¬ 
ing (first oonrse), architectural drawing. 

Second year :~-Practiual geometry* froo-hand drawing, the 
matbematiool tboorioa of building oonstmetion, architectural 
history (first course), science of a|chitQctarc, bnilding coustmo- 
tiou (second course), oTnamont|l drawing (second course), 
designing from given data (first course), streets and railways. 

Third year:—hVoo-hand drawing, artistio porspootivo, arobi- 
teotural history (second course), building cunstruetion (third 
course), omomcntiil drawing, etc. (third course), designing from 
given data (second oourso), general instmotion on moohauism. 

The students are recommended to give as maob attention as 
possible to art generally, and to aim at the higher branches, 
with the view of elevating their mental grasp; and by the study 
of the great works of anoient and modem times, and the 
Boientifio principles upon which they have been oonstmeted, to 
qualify themselves for advancing in the field of intellect and 
professional skill. 

(b.) Upper Course (for students who are preparing for tho 
Civil Service examinations): first year :—Differential and inte¬ 
gral cslcnlus, analytioal geometry of spaces, phymes (acoustica, 
light, heat, galvanism, optios, etc.), experimental ohemietry, 
mineralogy, and petrology, free-hand drawing, building materials 
bnilding constmetion (first course}, architectural drawing. 


Second year i-^Analytioal meebanios, bietorio architecture, 
bnilding specifications and cost, buUding constraotion (second 
oonrse), ornomeutal drawing (first oourse), arohiteotuial designing 
from given data (first course), meohanicul oonstruction with 
details (first course). 

Third year:—Practical geometry, drawing from plants (first 
oourso, to assist in dosi^ning foliage in ornamentation), mathe¬ 
matical theory of architecture, historic architecture (second 
course), bnilding coustruction (second oourse), oruamontal draw¬ 
ing (second course), designing from given data (second course), 
foundations and bridges (first oonrse). 

Fonrtb year:—Calculation of probabilities and method of 
least squares, bighor geodesy, artistie perspootive, tho arrange¬ 
ment of dwellings for the people, designing from given data, 
bridge-building (second cotirso), stwote and railways, water¬ 
works, general mechanism, technology, lessons selocted from the 
course of Technical Chemistry. 

The Engineering School, the School of Mechanical Construc¬ 
tion, tho School of Toohnical Chemistry, and the School of 
Arohitooture, are all equally exhaustivo as to their courses of 
requirements of tho instmotion, and all show the most careful 
consideration of tlie studeut, not merely to teach him just as 
little as will onablo him to keep liLs head above water, but to 
enlighten his mind in every way, so that ho may have spirit to 
4hink for himself and to strike out new paths. 

Tho models used in this suhool and iii kindred institutions 
in most parts of tho Duchy, for teaching Projection in all its 
branches, are exceedingly nsefnl. A sot adapted for the use 
of our Schools of Sciouco, etc., and illustrating our lessons in 
" Ptojuotion,” is in preparation. The models used for showing 
tho varions mechonioal combinations are also very good. They 
are made principally of iron, painted and bright, and are of tho 
average height of eighteen iiiuhos. Amongst them aro the dif¬ 
ferent escaxjemonts, shafts for tho transmission of motion at 
various angles, turbines, water wheels, varions systems of spur, 
cog, annular, crown, face, and bevil wheels, plummcr blocks, 
square and elliptical wheels and cams, the various modes of 
coupling and disengaging shafts, Watt’s parallel motion, etc. 
All those ore actual working models illustrating the lessons in 
the higher class text-books on Mechanism. 

Taming now from aohools, lot ns devote brief space to the 
description of the Trade Association of the Grand Duchy of 
Hesse, the organisation of which took place between tho yoon 
1836 and 1838, under the auspices of, and by grant from, the 
Grand Duke. 'Ihe object of this association is to watch over tho 
progress and promote tho interests of trade. Tho management 
is responsible directly to tho Minister of tho Interior, and has 
BO successfully worked out tho plans, that tho number of mom- 
bers, whioh in 1836 was 784, has now reached about 3,>50U,oacb 
coukributing an annual subscription. Thu means taken by this 
Union to accomplish their object aro various—such as (1) tho 
publication of newspapers and periodicals devoted entirely to 
trade, arts, and manufactures; (3) on extensive lending library; 
(3) the ooilecUon of models and trade tirudnots (the models in 
this museum consist of Ulustratioua of the various methods of 
joining timber, stone-oonstruclions, bridges, models of heating 
apparatus, UiustrationB of brickwork, escajmments for watehos, 
English and foreign tools); (-1) a collection of trade products, 
and (5) a fine coUeution of raw and manufactured trade products 
purchased from the Exhibition of all Nations held in London in 
1851. Tho Association has also arranged and published an 
oxcelleut set of models for teaching Projeotlun, and* some ex¬ 
ceedingly usofnl sots of technical drawing copies. It also orga¬ 
nises exhibitions of the productions of its members. Several local 
exhibitions have been hold, and in exhibitions in other countries, 
notably in the Paris Exhibition of 1867, tho exhibits hove been 
suoh as to attract great attention, as showing the practical 
results of a well-applied system of Teohuioal Education. 


BUILDING CONSTRUCTION,—X. 

ARCHES (continued) 

Bwobe, however, entering into the brick construction of the 
arch shown in Elg. 68, which was given in onr last lesson on 
this subject in page 265, it is neoessary to speak of tho wooden 
supports temporarily employed in the oonstmetion of arches. 
These will be folly desoribed in other lessoas j still it is neoes- 
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liury iaeideotally to montlon them ; for although tiiey ora the aroh which may take plaoa, owing to the rapport being top 
really bronofaea coming under the head of conetruotive ear* moved, may not be sudden; for if the support were at onoe 
pentry, yet it is important that their general purpose, prin- withdrawn, the aroh might settle in one part more than in 
dplea, and application should be thoroughly understood by the another, and the whole work might in consequenoe give wa^ or 
bricklayer and mason. The temporary wooden constrnotionB be i>ermanently injured. 

referred to are called *' centerings,” and consist of an assem* Li Fig. 68 we find an exceedingly simple eentering. 

blage of timber beams so disposed ai^ to form a strong frame; The walls a b, c n having been raised, the centering is ereotsd. 

the convex or enter frame licing of the exact form of the This consists of five sticks of timber, b, f, a, H, i, kept in their 
inteados of the aroh whiob is about to be erooted. plaoee by the oroBs-struts j k. These posts would be placed 



These oonstrnctions are, of course, only intended for tom- at each face of the arch if it were a deep one, or even si dossr 
poraty use, and therefore the follouing objects should be kept distances if the arch were built over a very deep vault or 
in view by the designer:— passage. 

1. To damage the timber as little as possible, so that it may Crem-wise, resting on these uprights, are laid horisontals, 

be need again when required. Of course, this condition mnst the ends of which, l u K o f, are shown in the illustration; 
yield to thp necessity of the case ; but in all works proper and on those again planking is placed, on whiob the aroh wonld 
economy (provided it do not degenerate into a “penny wise and be built. An important feature, however, is that mentisued 
pound fex^h ” system) is an element which must never be under the third heading—namely, the arrangement wluoh must 
neglooted. be made so that the centering may be eased gradnaUy before 

2 . Thai the design of the centering must be snob as to resist absolute removal. 

any strain which may oanse alteration of form during the 68 shows the most simple method of doing iUa. It 

building of the arch; and wiD be seen that eaeh support rests on two wedges mntnally 

3. That arrangements should be made that the eentering can t^posed, as q, b, etc. 3Vow, it wHl be evident that by striking 
k* eossd or lowered graditaUy, in order ilmt any settlement of ea^ is torn, the whtde of the vrooden struoture wiU ihik alnoet 
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imperceptibly, and thus allow the arch to come to aacqo^ Battle- the block r s t u wonld not be influonoed by each oon- 
mant tbrong'hoat, and ihon tho whole framing nay be remoTed. verganoo, for the bricks would hare to be cut so as to meet 
After the preceding observations on centering, we now in the oontro line, and would thus have no influence as a key- 
retom to the brickwork of tho subject under consideration. stone unless a heavy weight were placed over it to keep 
It will be seen in Fig. 68 _ it down, without which the 


that the greater portion of tho 
weight of the Buperstracturo 
is borne by the upper arch, 
which is hence called the 
rtlieving arch. That this is 
necessary will be evident when 
it is remembered that all tho 
support gained from the appa¬ 
rently broad straight arch was 
that derived from the arch of 
the width a t, or about one 
brick. 

The relieving arch, struck 
from the same centre as that 
to which the skew-backs of 
tile straight arch converge, 
thus bears the main burden; 
and its purpose is further en¬ 
hanced by a tension rod, it t 
— vis., a rod of iron jiassing 
from the intrados of tho flat, 
to the oxtradoB of the relieving 
arch, by reason of whioh the 
sinking of tho former is ren¬ 
dered impossible, o-<nng to its 
being suspended, os it woro, 
from the latter. 

Fig. 69 represents a (lothio 
or pointed arch, constructed of 
bricks. Here another very 
simple form of centering is 
shown. It will be seen that tho 
posts a and b are placed against 
the piers, and are kept sepa¬ 
rate by the oross-strat c, the 
force of which may be gradually 
dmiinished by striking tho 
wedges at d. On these posts 
rests tho true centering, whioh, 
it will bo seen, is formed of 
pieces of timber placed in the 
manner called “break-joint” 



pressure on each side would 
tend to force it upward and 
out of its place. 'When, there¬ 
fore, those radii have reached 
about 50° on each aide, and 
intersect in v, this point must 
bo constituted a new caitre, 
and all radii between »t and 
s w must bo drawn to it. 

DUAWINO TOB HABON8. 

Fig. 70 is an example of 
planking, brick footings, and 
stone piers, as adopted in the 
circular vaulting at the London 
Docks. 

The foundation oonsists, in 
tho first place, of nine fir piles 
9 inches square, disposed as in 
the plan (Fig. 71). On tiioso 
rest, first, three fir-sloopers, 
also 9 inches square, .and 
across these fir-planking 6 
inches thick, forming a plat¬ 
form 4 feet 10^ inches square. 
On this rests the mass of 
brickwork in five ranges, 11 ^ 
inches liigh, consisting of four 
courses (Fig. 72). Tho foot¬ 
ings aro 2^ inches all round, 
thus making each range 4^ 
inches smaller across than that 
on which it rests. ITie surface 
of the brick foundation at A 
is therefore 3 feet 4^ inobes. 

ITie base of the pier, whioh 
stands on tho brickwork, is of 
stone taken from Bramley Fall 
Quarry. 'ITtis base is 3 foot 
square at tho bottom, and 2 
feet 4 inches at tho top; the 
angles are, however, splayed off. 


—^that is, of two thicknesses 

of timber, so united that the joints of the one side, ef, aro 
covered by the whole wood on tho other; and this mould again 
is supported by, first, a cross-pione, g, at tho springing, and 
then by oross-struts, h, i, whi;^ can bo relieved or eased by 
the wedges at j 

and k, os can ** 

also the center¬ 


ing by those at 
t and m. The 


several centres, 
ortruBses, which 
maybe required 
for the depth of 
the arch, are 
united by timber 


T 

Fig. 73. 


laid cross-wise, 
tho ends of which 
are shown at n 
and o, eto. 

The curves of 
the arolb are, of i 
course, struck I 
from the im- ^ 
posts, this being 
an equilateral a^. 


The introdoB and eztrados having there¬ 


fore been drawn, divide the latter into tho number of bricks 


required. 

Now the majority of the radii are drawn to the centres from 
whioh tho ares p, g are struck; but it will be seen that_ if 
this system were continued, the mttixe mass of bxioks forming 


and the upper surface thus be¬ 
comes an octagon. Tlie shaft, which is of granite, is octagonal, 
and is 2 feet wide at its lower end, but diminishes to 1 foot 10^ 
inches at 3 feet high. This may be said to be the springing- 
point of tho arches. Tho section shows that of a four-centred 



arch, the centres 
of whioh are 
marked in tho 
drawing. 

Tho pier 
widens ontat the 
tu]), and is sur¬ 
mounted by a 
cap, or springing 
stone, also from 
Bramley Fall 
Quarry. 

It baa jnat 
been remarked 
that tho upper 
surface of tho 
base of tho pier 
described above 
beoomos an oc¬ 


tagon when tiie 


angles at the comers ore splayed off. As a useful exercise in 
Geometry and Linear Drawing whioh boars immediately on 
this part of our subject, we will add two problems: (1) on tiio 
construction of a regular octagon on a given line, and (2) the in¬ 
scription of an octagon in a square. It is the second of theso 
ptoUoms which is brought into practice in taking off the angles 
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of the block, w> that, vhea this is dose, the upper snrfiuie msy 
present the form of a regular octagon. 

To conttruet a regular oeta^om on the given line A b (Fig. 
73).—Produce ab on eaoh side. Ereot perpendiculare at a 
fuid B. From A and B, with radius A b, describe the quadrants 
C V and X B. Bisect these quadrants, then A o and B H will 
be two more sides of the octagon. At H and a draw perpendi- 
outars, a 1 and h k, equal to A B. Draw a a and i K. Make 
the perpendiculars A and b equal to o a or i x— viz., a i, 
and B a. Draw i l, L a, and a K, which will complete the 
octagon. 

To inscribe an octagon in the square A b 'v c (Pig. 74).— 
Draw diagonalB, a b and c B, intersecting eaoh other in o. 
From A, B, c, and », with radius equal to a o, describe quadrants 
cutting the sides of the square in x, f, o, h, i, j, k, l. Join 
those points, and an octagon will be inscribed in the'sqnare. 


PROJECTION.—XIIL 

QUESTIONS FOR EXAMINATION (confiniMd). 

82. There is a solid cross, formed by a central onbo of 1 inch 
aide, on oneb face of which another similar cube is fixed. Give 
the plan and elevation when two vertical faces of the original 
cube are parallol to the vertical plane. 

83. Draw the plan and elevation when of tho two adjacent 
vertical sides of the original cube ouo'is at 60° and tho other at 
30“ to the vertical plane. 

84. Projoot this object when resting on one angle of tho base 
of the lowest cube, which is inclined at 30° to the horizontal 
plane, tho diagonal being parallel to the vortical piano. 

85. A cone, tho base of ^hioh is 4 inches and the altitude of 
which is 5 inches, is penetrated by a cylinder of 2 inches 
diameter. The axis of the oylindcr intersects that of the cone 
at right angles, at 1 inch from the ground. Draw plan and 
elevation when axis of cylinder is parallel to vertical plane. 

86 . Project this object when the axis of tho cylinder is at 60° 
to tho vertical plane. 

87. A cone of 3 inches diameter, the height of which is 34, 
rests on a cube of 3 inches side. Give plan and elevation when 
sides of oube ore 50° and 40° to vertical’ plane. 

88 . Project the front view of the group when the one dia¬ 
gonal of the base is parallel and the other at 35° to the 
horizontal plane. 

89. There is a cube of 3 inches side, on which rests a cylinder 
of 8 inches diameter and 3 inches high. This supports a cone of 
3 inches diatnotor and 2^ inches high, the axes of all being 
coincident. Give the front elevation of the group, when resting 
in a plane inclined at 25°. The other conditions at pleasure. 

90. There is a solid formed of two equal square pyramids of 
2 inches base and 3 inches altitude, which are united by tbeir 
bases. Draw tho elevation and plan when the object rests on 
one of the ’triangular faces of one of the pyramids, tho axis of 
the object being parallel to tho vertical plrae. 

91. Give the projection of tho object, when resting on ono of 
’the faces of one df the pyramids. The axis is at 45° to tho 
vertical piano. 

92. Draw the elevation and plan when the object rests on on 
edge of one of tho pyramids, tho uxis being at 60° to tho 
vertical plane. 

98. Construct on isomotrioal scale of ^ of an inch to ,tho 
foot. Show 20 feet. 

94. Draw an isomotrioal projection of a plane square of 2 
inches side. 

96. Give an isometrioal projection of a pavement consisting 
of squares of 1 foot side. Scale, 4 inch. Show 5 squares in 
width and 12 in length. 

96. Draw an isometrioal projection of a cube of 2 inches 
edge. 

97. Draw the isometrioal projoctioB of a box 3 foot square 
and 2 feet high, made of wood 3 inohes tiiidc. Scale, 1 inch to 
the foot. 

98. There is a block of stone, 6 feat square and 1 foot high; 
on this rests another, of the same height and 4 feet aquare: 
and on ‘this again a third block, of the same he^ht and 2 feet 
atpure, is placed, the oentrea ot the three blocks being over 
a^ other. Give the isametriofd view cd the group. Bode, 
t iaoh to the foot. 


99. A cylinder of two inohes diameter and 4 inohea long lias 
BO that its end is vertical. Give the isometrioal prqjeetioB. 

100. There is a stool the top of which is a square of 12 inches 
side, the height 18 inches, and the thickness of the legs 2 inches 
(tho other measurements at pleasure). Scale, 2 inches to a foot. 
Draw an isometrical view of this object. 

*„* It is obvious that no Key to the foregoing Exercises in Pro¬ 
jection can be giron. Each proposition must he worked ont by means 
of drawing, and onr space ie too limited to do this even on a very 
small scale. __ 


AGRICULTURAL CHEMISTRY.—VI. 

BV CHAKLBS A. CAMEBOK, K.D., FB-D. 

CnATTEE VI.—ON THE IMPROVEMENT OP SOILS. 

We Jiavo shown in tho last chapter that tho fertility of soils 
is in general but little influancod by the arts of man. As a 
general rule, a bud soil always remains inferior to that which is 
naturally fertile. It is, however, possible to greatly improve the 
capabilities of inferior land; and, os we have seen, fertile soils 
go out of condition where their cultivation is not properly 
attended to. 

Some soils are too light; they do not afford adequate mecha¬ 
nical support to the plant, and ’they do not retain sulficient 
moisture. On tho other hand, there ore clays so very adhesive, 
tliat it is almost impossible to render them suflioiently porous to 
allow that circulation of air and water through the soil, ’without 
which plants cannot be perfectly matured. It is evident that 
’the act of commingling n light soil with a heavy clay would 
produce a mixture gfeatly superior to either when separate. A 
stiff cloy may fail to produce good crops, whilst the light j 
drifting sands—perchance not far distant—are scarcely clothed 
with any kind of vegetation. Tlie combination of the two ! 
would in ail probability produce a productive soil. This reason¬ 
ing is very sound in theory, and sometimes it admits of being 
practically ai)plied; but occasionally the operation of mixing 
soils is found to be a most expensive ono. When the two olasses 
of soils are close ’to each other, it is very probable—nay, almost 
cortom—that their admixture could bo eoonomiosily effected. 
It is a much more common practice to improve light lands by 
the addition of sand or gravel to them; but it is rather rarely 
that stiff clays ore ameliorated by the addition to them of sand, 
though there appears to bo no good reason why such should be 
tho case. 

Bugs and peaty soils are often barren because they contain \ 
excessive amounts of organic matter; they would oonsequeutly | 
be greatly improved by tho addition of marly days. The 
defective ingredients of peaty soils—alumina and lime—are 
abundantly present in marly clays. Light lands are often; 
greatly improved by folding sheep upon them. Tho tramping* 
of ’the animals consolidates the soil, and their excreta enriohos { 
it and renders it more coherent. Bulky fertilisers are best’ 
applied to stiff clays, and wuU-formonted and dense manures to' 
light soils. 

Warjjing soils means to manure ’them ’with mnd. The annual’f 
overflowing of the Nile covert the fields of Egypt ’with a fine 
mud, which possesses wonderful fertilising properties. In some 
parts of England, lands adjoining tidal rivers are periodically 
ill undated during the influx ol the tide, and tho excess of water 
allowed to flow off with the ebbing waters of the river. In this 
way the surface of the land acquires a coating of silt or mud, 
often to tho depth of several inches, and even feet. Herapath 
found that the quantity of phosphoric oeid deposited by Warping 
on the surface of a certain field amounted to 17,000 pounds, 
whilst from the same field a crop of wheat only abatra^d 68 
ITounds of that componnd. 

The beneficial action of quick or burnt lime on soils has been] 
kno’wn from a very early period in the history of hnsbandiy. 
The yonnger Pliny mentionB ’that marl and lime wqre largely 
employed by tho agticnlturists of Gaol and Britain, and Theo- 
ph^tua and Columella speak of lime as on artiole in oonunon 
nse amongst the farmers of their days. 

Lunestone oonsista essentially of a compound twmed oalcio 
carbonate, which is composed of oarbonio dioxide, oxygen, and 
the metal oaiciam. When heated 'very intensely, ’the oarbonio 
dioxide flies off in a gaseons form, and the oxygen and osltinm 
remain as a white earth, termed oaloio oxide, or oalcio anby* 
dride. When water ix poured on oaloie anhydride (qni^ cf^ 
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omitie tbe two mbstanoes unite and fom oaloia liydride 
i(elaked lime, fonnerly toraod hydrate of lime). Baring the 
'slaking of lime heat is OTolred, mid the hard atone ommblea 
into a fine powder. If an exooBB of water be saed, a aemi-liqnid 
reanlta, termed cream or milk of lime, according to its coit. 
i sistenoy. 

In the Boil lime acta chemically and phyBically, and it also 
contribntoB directly to the nutrition of plants. Aa a more 
meohanicol agent, it haa proved moat naofal in rendering stiff 
clayB lesB tenaoioua, and more porous and pervioua. Many heavy 
'clays, which can only be properly cultivated by great labour and 
; expense, might bo rendered friable, and easily workable, by a 
’ liberal applioatiun of lime. Dense, adhesive clays do not readily 
admit the permeation of air through them ; thorofure any mo- 
lohonioal agent—such, for example, us lime—which renders them 
more open, indirectly eontributoa to fheir chemical improve¬ 
ment, because the active circulation of air throughout the soil 
.produces abundance of plant-food, as wo have shown in a 
previons chapter. 

As lime, though not bo dense as heavy clay, in more compact 
{than sands, the latter are improved by a dressing of marl—a 
j Bubstanoe very rich in lime. In the case of clays and sands, no 
; apprehension of injury from over-liming need bo apprehended, 

' provided that the lirno bo applied chiefly in the form of marl nr 
; chalk; for enormous quantities of quicklime act corrosively 
' upon vegetables and their seeds. 'Ilie best wheat soils in Middlo- 
sex contain 10 per cent, of colcio carbonate, and in many of the 
most fertile gross-lands in Ireland more than 20 per cent, of this 
snbstanco exists ; whilst some of tho soils of Somersetshire— 
famous for their cho<-so-produciiig capabilitfbs—oontain about 70 
' per cent, of lime compounds. In tho use of lime os a mechanical 
agont*tbo chief point to consider is. Will it render tho soil too 
light f In tho COSO of green crops there is little danger of the soil 
boing too light; but when oats and other cereals are cnltivatod, 

. it sometimes happens that over-doses of lime are applied. In sneli 
; cases—oven if tho soil bo old lea or grass-land—the plants may 
' braird satusfacturlly, but they will hardly produce seeds, and will 
generally perish about .Tune. The ooi'oals roquiro a moderately 
' stiff soil to sustain thoir slender roots, and if suoh support be 
denied they rarely vegetate vigorously. Land rendered too porous 
by over-liming is improved by growing turnips on it, and allowing 
sheep to feed upon the crop in field. Tlie soil may also bo oon- 
aoliduted by means of heavy rollers passed over it. It is a curious 
fact, that land, injurioualy afleoted by over-Uming, may yet be in 
want of lirao. This arises from the oircumstonoe that limo 
sinks very rapidly from tho upper 4 or 6 inches of surface-soil; 
and although tho whole soU may have been rendered too loose 
by former calcareous applications, yet the part of it from which 
the nutriment of tho crop is chiefly derived may bo deficient in 
lime. In coses of this kind, lime should be applied in the form 
of a heavy compost. Boad-sorapiugs oru often found a useful 
application to land sufluring from tho physical effect of over¬ 
liming, but which is in actual want of cidcureoas matter. 

The chemical action of lime upon soils is most important. 
Burnt lime, chalk, and marl combine with, and render innocuous, 
various hurtful acids which occasionally occur in soils, but more 
. especially in nndrainod lands. rormors well know tliat limo 
smeetens (to use their own torm) their lauds, and that it pro¬ 
duces on meadows and pastures ^eet and nutritious herbage. 

f Quicklime acts choinioally upo| some of the rocky parts of 
soils, and hastens their disintegration or decay; in tliis way 
; limo liberates a portion of the fertilising matter contained in 
I tho coarser portion of tho soils. 

j Every fertile soil contains a largo amount of organic matter, 
formed chiefly from plants and parts of vegetables more or less 
decayed. During tho decomposition of the organic matter 
(liumus, or mould) its constituents enter into now combinations, 
;and ultimately pass into their original minmral condition of 
, earbonio ^^de, water, and ammoni^ and earthy and saline 
I matters. The perfect decay of organic matter only tokos place 
when sir is present; and hence tho more porcus a soil is, the 
iiwre qmokly dem its humus decay, beoanse there is an abundant 
',oire^tion of air in the soil. Qnioklime slao hastens tho decom- 
Iposition of organio matters, converting their nitrogen (combined 
iwitt a portion of thoir oxygen) into nitrio anhydride, whidi, 
lumting with lime, produces calritiJ itatg. (nitrate of lime)—a 
-iTalnable sonroe of nitrogen ib plmts. When soils oontain on 
excessive proportion of organio nmtter, ere greatly bene¬ 


fited by an abundant application of limo. A single " drassiag ” i 
of lime to an nnprodnotive bog or peaty moss often prodnoes a 
fine and spontanoous crop of white olover. 

Limestone, gravel, marls, and shell and ootsl sand owe 
their efiioacy almost wholly to the caloio carbonate whidh they 
oontain. !niey neutralise the sour liquids in nndi^ed and 
boggy soils, and they supply lime to the crops. ShoU and coral ' 
sands aro well adapted to poor heathy lands; limestone-gravelj 
is an excellent agent in the reolamation of bogs. Marls and{ 
chalk have a wide application, and may be always used wherever? 
tho soil is defioiont in limo. Limestone containing a small pro-1 
portion of uiaguosia may ho employed in agriculture ; but dolo-y 
mite, or magnesian limostunu, should not bo used, for when! 
burned and slaked its hydrate forms a hard moss instead of a 
powder. 

Quicklime exposed to the air absorbs—but very olowly—^the 
atntuspherio carbonic dioxide, and iu port becomes calcic carbo¬ 
nate—a compound which on tho whole is not nearly so useful in 
agriculture as burnt limo. Tho sooner limo is used after itf 
oomoH from tlte kiln the better; and its conversion into caloio*' 
carbonate should bo impeded by preserving it in largo heaps.. 
A thin layer of quicklime soon loses its oaustio properties. 

The quantity of limo applied as a prime “ drossiug ” per 1 
statute acre varies; tho lunger tho laud has boon wi^out a I 
^miug, tho greater is tho quantity of limo which it requires. For I 
medium and stiff soils 150 bashuls are probably the minimum, 
and 300 bushels the maximum, quantity with which tho best, 
results may be effected. In the case of light lands 70 or 80! 
bushels will in general suffice. Wot land requires more lime to i 
produce a given effect than is necessary in tho case of wot soils; j 
and here wo have another instance of tho many ooouomioal I 
results of drainage. When the soU has boon well limed it will, I 
as a rule, be benefited by a moderate application of the earth ■ 
onoo during each rotation of crops. 

The prooosscH of “ paring ” and “ burning,*’ at one time oon^ 
sidered to be in almost every case injurious, are now admitted by; 
soientifio agriculturists to bo often very useful, when properly: 
carried out. Good soils seldom oontain more than 10 per oent.j 
of organio matter; but bogs often include 95 per cent, (exolnd-' 
ing water) of partially decomposed vegetable matter, and only' 

5 per oent. of minoral matter. When bogs do not famish fnoL 
(turf or peat), or when that part of them which is generally used ’ 
ofl'fcolrliaH'been exhausted, thoir excess of organio matter is, 
sometimes best got rid of by burning it. In general tho com-; 
bastion should be allowed to extend downwards to the depth of ' 
from 3 to 7 or 8 feet. The loss mineral matter contained in the 
peat, the greater is the quantity iiucessaty to be burned in order 
to obtain a sufficient quantity of ashes to mix with the nnbumod , 
turf. Marshy laud, and soils coutaiuing mosses and other weeds j 
and coarse herbage, ore improved by burning their surface; the i 
weeds and thoir soods are tootoby destroyed, and their ashes in-, 
crease the fertility of tho soil. Burning is sometimes one of 
four processes employed in the reclamation of bogs; tho others | 
being drainage, liming, and tho application of sand or clay. 

A common d^oct of clays is their extreme plasticity and adhe¬ 
siveness. Thoir particles lie so closely together that air and 
water cannot freely circulate amongst them. If wo subjected a 
piece of clay to intense heat, it would assume a glassy or slag-like 
oondition; but if wo heated it moderately, it would only bcoomo 
a dry, porous, and friable mass. Now, by burning heaps of' 
weed, cinders, or ooal-ifust on clays (selecting very dry weather 
for the operation), we can greatly improve tlioir texture, ond in- ^ 
crease thoir produotivo capacity. After such an operation the 
air gains access to the interior of tho soil, and prepares from its; 
rocky particles the fine fertilising powder which, as we have j 
already stated, is the chief source of tho ash, or iuorganio oon-; 
stituonts, of plants. 


TECHNICAL DRAWING.—XIX, 

DEAWINO FOE MACHINISTS ANI> ENGINBBES. 

MBCHANICAL BEAWINO. 

Fig. 202 is a drawing of a simple fly-wh(wl of a winoh. 

Draw the circles A and b for the outer and inner edge of tht 
rim. 

Divide the oirole b into six equal parts, and draw the dia¬ 
meters c p, E B, a F, or radii c, B, », D, H, a. 
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Kext drav the oircles i «nd J, and oleo the oirole i, the ed{re To find the pinats from which the arcs ore to start from the 
of the bans being' bevilled. straight lines, desotibe a circle passing throngh N o, catting the 

A porticB of the inner drcle, representihg the end of the sides of the o^er five arms in (he required points, 
shaft, is then ‘to be slightly flattened, and kqy ‘which ^milarly, the arms at their base are nnit^ by an arc, which, 
the wheel is fastened ia to be added. in a snbjeot aa small ae this, may be stradc with any oonysnient 



Midway between the radii, on the cirde i, set off ‘the points ] radins from some point on the line bisecting the angle. In a 
K and L for the width of the inner ends of the arms. ' drawing on a larger eoale, the arc would be drawn by tire 

On each side of the radii act off on the circle n, g h, ^ 1 for method shown in Fig. 200. 
the width of the arms at their outer end. Theee onrres should not again form angles at the pointe 

I^aw X It and L 1, and repeat the process on each of the where they meet the straight l^es, which would be the case if 
x*dii. ^ drawn too flat, ae in I^. 203. l^e sros should be ao drawn 

The arms do not, however, meet the rim in a sharp point, | that the enrve mergea imperceptibly into the etraight linee, as 
but the etraight linee are joined to the circle by means of a shown by the dotted portion. 

amaiU arc, shown at w and o. Tbeoe area are to be drawn aa IVom one of points in wbidi the radii out the circle b, aa 
already ahown in Figa. 180 and 181. z, aet off the distance a r, a q. 
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From r and q set off the length p q on the radii, and from p 
and q, vith radiiu P q, deeorilm arcs ontting eaoh other in s, 
and from this the oro p q may be stmok, representing the onrre 
formed by the arm meeting the rim, which is rounded off to a 
semi-oironlar section at its inner and ontor edges, as will be seen 
in the edge elevation (Fig. 204), This lost is projected from 
Fig. 202, and should bo drawn upon a centre lino, whilst the 
centre line for the handle is drawn from the centre of the end 
of the handle. 

Fig. 205 is a geometrical elevation of a V>threaded screw, as 
rendered in mechanical drawings in the general oourso of busi- 
nesa. This is entirely a convontioual method, generally used in 


the elevation of a (^linder each os would remain if the thread of 
the screw were turned oompletely off. This is called the inner 
oylinder. Again, the perpendioulars b and c give the elevation 
(ff a cylinder which would just oontain the screw; this is oalled 
the outer cylinder. 

Now set off on the control perpendicular a number of divisions 
eqnol to half the width of the thread—vis., p, o, h, i, j, etc. 

Through those points draw oblique iwrallel lines, taking care 
that their inclination is not too much to be inconsistent with 
the pitch of the screw, of which more will be said in another 
lesson. 

These oblique lines are to extend alternately across the inner 



Bleohanioal Drawing, for, in reality, the line which forms the 
thread of a screw is 'one wliich, in ascending, winds round a 
cylinder, and is termed the Mix. The rapid method shown in 
this figure is, however, found so very useful that it is thought 
desirable to make the student anquaintod with it in this pl^, 
in order that he may bo able to draw subjects in which the 
screw may be introduced; but the correct method of projeoting 
BorewB wdl bo worked out farther on. 

Draw a central perpendicular, and at the base construct the 
rectangle representing the head of the screw, the curve at the 
bottom being stmok from a point on the centre line. 

On each side of a set off hidf the diameter of the sorew—viz., 
A B and A o, and draw perpendioulars from these points. 

Nest set off from A, a d and A x, and erect perpendiculars 
from tbsss points also. The perpendiculars B and x will giro 


and the outer eylinders, and the angle of the thread is formed 
by joining their extremities. 

The mode of starting the screw at the head and of termimting 
it at the end, etc., will be understood from the example without 
further remarks. 

I Pigs. 206, 207.—The subject of this study is a hexagonal nut, 

! showing also the end of the screw and washer. 

Having drawn the plan (Fig. 206), project the circular washer 
from the diameter A b, and draw the horizontal c D (Fig. 207) at 
the proper height. 

It will be seen that the nut is a portion of a hexagonal 
prism. The full working out of the projection of prisms has 
been given in the lessons in *' Projection." 

Next project the perpendionlora le, rf, ag, and k h from 
the points x, r, a, and h on the plan. 
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From I (Fig. 207), ■with radian ij, dosoribe the are fg, which 
■wUl gire the oorred edge of the face of the nnt, whioh is parallel 
with the Tertioal plane of projection. 

This arc, of oonme, ia the same on each of the faces; hot does 
not appear so on the other two whioh stand at angles to the 
plane of projeotum. It is therefore neoosaaty to find points 
through which to draw the onrre as it appears. 

Diride one-half of the lino r o in the plan—viz., t 3 —into 
any number of equal parts, os k, i, etc., and from ■liiese points 
erect porpenchoulors, cutting the orc/j in k and 1. 

Now diyido the side roprosentod by e f in the plan into double 
the number of ports marked on f j —-viz., k', i/, j*, l", k", and 
from those points raise perpondionlars. 

Draw horizontals from j, I, k, cutting the perpendionlors, and 
throng these intersections the onrvo is to be traced. 

In common practice it is nsual, howeyer, to draw this ourye 
with tlm compasses, which may be executed in the following 
manner:— 

Draw a iicriiondicular from M in the plan to out a horizontal 
drawn at j in m' ; then find a centre for a circle ■to pass tlirough 
g, M, and h —viz , N. Then from N, with radius N g, an are 
used as a rapidly-oxeouted substitute for the curve ej'f can 
be drawn. 

The screw is to be drawn os shown in the lost figure. 

Fig. 208 is a conventional representation of a square-threaded 
screw, as commonly used in practice. It must, however, be 
distinctly understood tlmt tliis method, like that shown in 
Fig. 205, is only admissible in drawings on a small scale. . 

The method of drawing this figure ia, in the first instance, 
precisely similar to tliat employed in the V-threadod screw; the 
oblique lines, however, are all drawn across the outer cylinder, 
and the alternate padrs united. 


SEATS OF INDUSTRY.—V. 

By H. B. Fox Bomuix. 

MANCBBSTXB AND ITS StTBVBBS : THBIU UIITOB IMDCSTRIEB. 

To the cotton manufooturo of tlio Manchester district all its 
other tawles are subordinate, yet many of iheso are very im¬ 
portant, and conduce greatly to the welfare of the locality and 
the whole oountry. 

Chief of those are the hardware trades by whioh suitable 
maohinety is supplied for the working-up of ootton. Mon- 
ohestor, indeed, vies with Birmingham in the more polished and 
delieate brauehes of iron manufacture. In its neighbourhood 
ore Bome of the largest and most skilful machine-shops in the 
world, and the demand for tools, which has caused great tool¬ 
making establishments to bo there sot up, has at length mode 
Manshestor a centre of iron-trade with far-off regions and in all 
varieties of iron-ware. Manchester had, in ISfiO, 48 iron fonn> 
dries and 63 maohinists’ shops, giving employment to about 
12,000 workpeople, wliilc some 60,000 persons wore employed 
in its 95 ootton mills, and it bad, besides, 13 silk mills, ■with 
abont 2,000 labourers, and 16 small-waro mills, giving employ¬ 
ment to neatly os many. Those flgiu'es fairly indicate the 
nlative value of the principal industries, not only of Manchester 
itself, but of all the district round about. Evoiywhare ootton 
ia ofaief, but silk and wool are also wojrkod up, and in greater 
proportion as wo pass from Manchester in the dirootion of the 
wooUen province of Yorkshire or the silken province of Derby¬ 
shire J and evoiywhore engineers are at work constructing mills 
and t(x>la for the textile manufactures. 

No better roproaentativo of tliis iron industry can bo found 
than the Fairbaim Engineering Company in Anooata. The 
veteran engineer whose name it bears is, indeed, to some extent 
the father of the whole trade. “When I first entered this 
city,*' he said of Manchester in 1816, “the whole of the 
moclwery was executed by hand. There were neither planing, 
slotting, nor shaping machines, and, with the exception of very 
imperfect lathes and a few drills, the preparatory operations 
of oonstmotion were effected entirely by the band.s of the work¬ 
men. Now everything is done by maohine-tools, with a degree 
^aocurBoy which the unaided hand oonld never accomplish. 
The automaton, or self-acting machine-tool, has within itseU an 
Mnost creative power—in fact, eo great are its powers of 
edaptation that there is no oiieration of the human hand tiiat 


it does not imitate.” In working out that ohamge, Mr. Fair¬ 
baim has himself done very much. He had mastwed his teade 
in London and elsewhere before—^twenty-four yearn old—he 
settled iu Manchester as a working millwright. In 1817 he 
entered into partnership with a shopmate, James Idllie, and they 
began a small business of their own. Paying 128. a week for a 
small shed, in whioh they set np a la&e of their own oon- 
struction, they did varions odd jobs until mere important work 
came in their -way. They had not long to ■wait for that. A 
large commission for mill-work from Adam Mnrray, a great 
ootton-spinnor, was so irell exeou'ted that other oommissions 
became plentiful. Mr. Fairbaim led the way in many of the 
improvements iu mill-work and machine-making that have been 
effected during the last half century; and whore ho was not 
himself tlie inventor, he suooeeded in giving full effect to the 
inveuidons of others, lie came to be not only the ohief en¬ 
gineer and machinist for the Manchester ootton industries, but 
a great iron-worker for all the world. Ho was one of the 
first to develop iron ship-building in 1829, and tliere are few 
branches of the iron trade in which he was not engaged. His 
help to the cotton-spinners, however, was suffioiently important. 
“ In 1815,” he said, a few yours ago, “ the shafts of onr cotton- 
mills wore moving at 40 or 50 revolutions a minute, whereas at 
the present day wo have os many os 300 and 350. The same 
number of revolutions aro applicable, and now in use, for 
lace and silk. The extensive employment of wrought-iron for 
shafts and the slido-lathe hag given wonderful facilities to the 
production of shafts for increased volooities, with roduood 
friction, by the transmission of groat power through a com¬ 
paratively small section. In some of the more recent mills 
of my oonstruetiun wo have shafts only two and a-half inches in 
diameter convoying the power of a 40-horae engine.” It 
was by that sort of work—by making strong, yet light and 
Blonder, iron do the dnty formerly assigned to clumsy wood, and 
by carefully fitting all the parts together, so as -to receive as 
much power and as little waste as possible - that Mr. Fairbaim 
helped to bring about a revolution in all varieties of mill-work. 
The largo ostabliabmont whioh still boars his name now com¬ 
prises five groat divisions. Tlmre is a foundry and forge, 
provided with steam-hammers, for -wronght-iron. There 
is a beilor-yord, with machinery for rivet-making, shearing, 
and punching, and a bridge-yard,- ■with similar applianoos; 
there ia a millwrights’ department, stocked ■with bhmkamit^* 
forges, turning, planing, and fitting shops; and there is an 
engine department, able to produce steam-engines of every size 
and variety requir^. 

Establishments like that of tho Fairbaim Engineering Com¬ 
pany abound in Manchester and all the adjoining districts. 
Some adhere more closely to Mr. Fairbaim’a original project, 
and confine themselves to millwrights’ work. Others help tho 
cotton-trade by other kinds of metal-handling. Here, a groat 
factory is devoted to the oonstmotion of weavers’ tools, 'fhore, 
tho work done is ohiefiy limi^ted to the making of steam-engines. 
There, again, it may be, only tho rough iron-work for railways 
is done. But everywhere tho grand motive ia tho same—the 
inoreasing of faciUtieB for bringing to tho Manchester district 
its groat stores of oottou-fibre; for turning it, when there, into 
cloth; and then for oonvoying it most promptly and easily to 
other parts. I 

I'ho extension of the silkArado to the Manchester district 
owes its origin to the old habit of blending silk and ootton in 
one fabric. Macclesfield, seventeen mUos south of Manchester, 
ia the chief resort of silk-workers in this neighbourhood. Hero 
tho trade has been of very long standing. Althongh benefited 
in one direction, it has been damaged in another, by the spread 
of cotton-manufacture. Tlio Macclesfield silk-trade was at its 
height between 1808 and 1825. In 1819 the first silk-mill in 
Manchester was set up by Mr. Yemen Boyle, and in that year 
it -was rookoned that the to^wn contained abont 1,000 weavers 
of mixed silk and cotton goods and 50 workers in pure silk. 
In 1832 it gave employment, in pore and mixed mannfactnre, 
to about 3,600 hands, whUe i^e ■total number of men and women 
concoraed in tho trade throughout tho Manohester distriot ■was 
nearly 70,000. 

The nnmber of other trades, more or less dependent on the 
ootton-manufaotnre, that have grown up in thie great province, 
ore legion. “ Amongst the textile fabrics,” says Mr. Haxland, 
“ore those, single and mixed, of wooHens, ■worsted, stuff. 
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flannel, ete., inoluding blankets; of linen, alone, or mixed -with 
cotton, wool, or silk; Tolvots, table-olotbs, and damasks; 
oountcnrpanes and quilts ; nankeens, jeans, etc.; crapes and 
bombazinoa, muslins and mouKselinos-de-lainos, shawls and 
mantles—in short, every kind and variety of textile fabric is 
manufactured in Manchester. Amontrst more miscellanoous 
manufactures are those of hats and caps, umbrellas and iiara- 
Bols, indisrmbber, gutta-percha, and other waterproof and air¬ 
proof fabrios. In copper and brass ore various manufactures, 
especially of rollers for oalico-printers, boilers, steps, etc.; in 
tin, all l^ds of wares, ineluding boxes and cases for enclosing 
goods for hot climates ; paper for writing, printing, and packing. 
In short—^including the trades and handicrafts whoso produce or 
productions ore in demand everywhere, and those which may 
be termed the agencies between producer and consumer—there 
are from six to seven hundred varieties of ocoupation in Man- 
ohester, supplying all the numerous wants of a high material 
civilisation.” Of all that, cotton is the chief cause; but the 
cotton manufacture could not have attorned its vast proportions 
in this district, but for the proximity of coal and iron with 
which to work it, and the prosenoo of that porseveraiioo and 
onterpriso which characterises the population as a whole, and 
has enabled it to send out from its ranks so many men of 
eminence. Inventors and discoverers—a groat number—have 
arisen in Manchester and its far-reaching suburbs; notable 
merchants and manufacturers in yet greater number; and not 
a few skilful statesmen, with Sir Eobert Peel at their head. 

Tho eminent Scotch engineer who established the Fairbaim 
Engineering Company was boni in 1789. SLo was elected Pre¬ 
sident of the British Association in 18B0, and created a baronet 
in 18C9. Ho has written some valuable works on mills and 
mill-work, and “ Iron, its History and Manufacture.” 


THE ELECTRIC TELEGRAPH.—V. 

By J. M. WiasBU, B.A. 

OTHER FAULTS—CONTACT—DEFECTIVE EARTH—LIOHTNINO 
GUARDS—MODE OP RENDERING SIGNALS INTELLIGIBLE- 
SINGLE NEEDLE INSTRUMENT—CODE. 

Besides the faults to which wo referred in onr last paper, there 
ore a few others of common occurrence, tho effects of which 
must bo explained in order that we may bo able at once to 
detect them. Perhaps tho most common of those is “ contact” 
between two of tho wires connecting any two stations. This 
is sometimes produced by damp weather enabling tho enrront 
to escape along tho surface of the insulators, and is then known 
as “ weather contact.” More frequently, however, it arises 
from one of the wires becoming so slack us to touch against 
another, or else from somo electrical connection being acci¬ 
dentally made between them. 

A fault of this kind is very easily rocognised. The current 
leaves the transmitting station, dofiecting tho needle there os 



usual. At tho fault, however (f. Fig. 19), throe courses aro 
open for it, and it accordingly divides botwom them. One 
portion continues to travel along its own wire, and deflects tho 
needle at the receiving station, but less powerfully tlian usual, 
ainoe much of the current has escaped another way ; a second 
portion passes by the place of contact, and returns along tho 
seeond wire to the sending station, deflecting there the noodle 
of the other eironit, but in the contrary direction; the third 
portion tmvds along the same wire to the receiving station, 
deflecting the second needle there. Tliese effects are more or 
less modified by the various resistances of the different circuits, 
still they ore so obvious as at ouce to indicate tie nature of 
the fault. 


Another cause of failure la “ defective earth” at the receiving 
station. The oommunioatibn with the earth-plate ie la thia 
case either broken or defective, and a portion of the onxrent 
accordingly returns by other wires, deflecting their needles in 
the reverse direction to those in the regular circuit. Thie fault 
is liable to be mistaken for contact. 

Tho only other fault we shall refer to is demagnetisation 
of tho necrllca or other injury to the instrument. The most 
common cause of such failure is that the lightning has struck 
the line in some port, and passing along it has injured the 
instrument. The fact of freqnent injuries arising from this 
cause directed the attention of eleotrieians to the discovery of 
some simple means of obviating tho danger, and many effloiont 
expedients have been introduced. 

Lightning in its effeots is found olosely to resemble frictional 
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electricity. If we have two pieces of wire, A and b (Pig. 20), 
comiectod together by a spiral of fine wire, d, and also having 
Amnoctod to thorn two pieces of wire ending in small balls (c) 
which nearly touch one another, any galvanic current wiU puss 
through tlio spiral, since it cannot leap across the break be¬ 
tween the two balls, however small it bo. Frictional electricity 
would, however, at once take the moro direct course, and leap 
over the smaU interval at c. This, then, is tho principle on 
which most lightning conductors act, and Fig. 21, which repre¬ 
sents Tireguot’s Lightning Discharger, shows ns one mode in 
which this principle is put into practice. 

Two plates of metal out at too ends into teeth resembling 
those of an ordinary saw are fixed to a wall, so close to one 
another that their teeth almost touch. Tho line-wire, L, is oon- 
noctod with tho one of those seen on too left, and the current 
passes along tho plate to the piece of metal a, and thence along 
a piece of fine wire, contained in a glass tube, to the screw 
h and the instrument. Another wire, j, leads from tho right- 
hand plate to toe earth, so that if toe lightning strikes too lino 
tlio electrio fluid will dart from the points and travel on to toe 
earth by this wire. Should this wire fail to carry off all the 
current, the thin wire in the glass tube is fused by it, and thus 
it is prevented entering the instrument-room and injuring tho 
instruments there. The fine wire con, of course, bo very easily 
replaced. The object of too handle seen attaohod to one plate 
is that during a storm it eon, if required, be turned so as to 
afford a direct oommnnioation between toe two plates, and thus 
cut too instruments for the time entirely out of the oirenit. 
In somo forms of lightning protootor a thin wire, like that 
enclosed in tho glass tube, is depended upon alone for protection, 
since any quantity of electricity like that produced by a flash 
of lightning would instantly melt this wire, and thus save too 
instruments. In the protector which wo have explained pro¬ 
tection is afforded in both ways, and it is toerefore doubly Haio. 
Many other forms of lightning discharger are employed, but 
nearly all act in a similar way, and wo need not, therefore, stay 
to exjilain tho peonUar oonstmotion of each. 

Wo have thus seen ti|p way in which tho elentric current is 
generated, the manner in which it is conducted from place to 
place, and the prooautions wbioh have to bo taken to j)revent 
its eseapn. We have also seen the nature of tho morn common 
interruptions in any electrio eironit, and we must therefore pass 
on to tliat which is perhaps too most imi»ortant point of all— 
the manner in which an electrio current may bo made to pro- 
dnoo intelligible signola at a distant place, and the construction 
of tho instruments that are employed for this purpose. 

An electric current is capable of producing many different 
effeots, as wo have already soon in our “ Lessons on Eloctricity ’ ’ 
in The Popular Educator. It will convert a bar of soft iron 
into a magnet, or Cause a compass needle to point in a different 
direction ; it eon be made to decompose water and various 
chemical substances, or to render a piece of fine wire rod-hot, 
and to produce many other results. Many of those effects aro 
capable of being employed os a means of transmitting onr 
thoughts and messages, and in fact there are few of them that 
have not so been employed at different times and by various 
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inrontors. The number of inatrumonta that have been intro¬ 
duced ia, therefore,Tory large indeed, and there are many Tarieiiea 
which are still in constant use. 

The three effects of the current which have boon by far most 
generally used in telegraphy arc— 

1. Its power of reversing a magnetised needle. 

2. Its potter of converting a bar of iron into a 
magnet. 

3. Its power of decomposing various cbemioal 
substances. 

Perhaps the first is the most simple effect of all, 
and “needle instruments’* which depend upon it 
are so extremely common that wo will take those 
first, and oudoavonr fully to nndorstand tbuir oon- 
struotion and action. 

Tlio bronii principle on whioh they act was dis¬ 
covered by Oersted, and is simply this—that if an 
cluctrie ourroiit bn made to pass along a wire placed 
near a mognotised needle, that nnodlo, instead of 
pointing to the north, will point to one side of it; 
and if the current bo mmiu to pass along the wire 
in thu reverse direction, the ncedlo will point te 
the other side of the north. If, then, wo have 
snob a noodle at the roooiviiig station, and possess 
the means of sending at ]dcasuro a positive or a 
negative ourront, wo can cause this needle to bo 
defleotod to the right or left at pleasure, and 
from these two signals wo can form a code by 
whioh any letter in the alphabet can bo sent. 

In the needle instruiueui, as in all other kinds of instruments 
used in telogra|ihy for Uio tiausmission of messages, throe 
distinct parts are nccossaiy: those aru (1) the transmitting 
iustmmont, (2) the receiving apparatns, and (S) the alarum. 

It might bo thought that the last- 
named port is indispensable, but this is 
not the case, sinco the click of the needle 
might call the attention of the clerk in 
ohargo to the fact, that a message was 
coming. This is, however, very unsatis- 
faotory, as an important message might 
bo seriously delayed by the clerk not 
bearing this; an alarum is therefore 
always employed. It eonsists of on a])- 
poratus by whioh the current is made to 
ring a boU in a manner that will here¬ 
after be dosoribed. It would, however, 
bo very undesirable that this boll should 
uuntinuo to ring all the time that the 
iucs.sage ishoiiigrrcoivcd, and an arraiigo- 
ment is therefore made by witich it may 
at ploosnru bo cut out of the oirouit, a 
more direct iiath being then jirovided for 
tlio current. 

The usual plan is for the cinmit, under 
ordinary oiroumstoucoH, t,> be oomplotcd 
through the alarum. As soon os this 
lings, the clerk, by means of a switch, 
turns the ourrent from the alarum to iho 
instrument, and receives the message, 
taking care, when he has received it, to 
alter the switch again. The alarum is 
often put in the same case as the instru¬ 
ment, but it is CBSontially a distinct thing. 

The general appearance of tlio single needle instrument is 
shown in Fig. 23. In the ooutro of the dia1-plati< is seen the 
needle, the play of which is limited by means of two small 
pins placed one on each side. The handle in tlio lower part of 
the instrument is for the purpose of moving the transmitting 
apparatus, whioh is so arranged that when this handle is inclined 
to the right a ourront is transmitted along the lino in such a 
direotion that all the needles in the circuit are likewise deflected 
to the right, and when this handle is moved to the loft a current 
is sent in the reverse direotion, so that the neodl^ ore all 
slefleotod to the left. When a motion of the needle in either 
riiiectbn is spoken of, it should be remembered that it is the 
tipper end of the needle that we moon. 

The meohanism in the interior of the instmmont, by which 
the ourent may be sent at will in either direction, will bo 


explained in our next paper. We will hero assume that we have 
the power of sending at pleasure either a positive or a negative 
current. All the needles along the line of wire will aooordingly 
act simultaneously, and be deflected in the same direotion. We 
possess, then, two distinot signals—^vix., an iu- 
olination of the needle to the left or a similar 
inclination to the right. The lower end of ifar 
needle is so weighted that as soon as the ourrenfe 
ceases it shall return to its original vortioal 
position. 

From these two signs, then, we have to oonstmot 
an alphabet, and this is not a very diifioult task, 
since we can give two or more oonseentivo beats 
in either direction, or in altoruato dirootions. No 
letter is found to nsiuire more than four suoli 
boats, and by carefully arranging the letters so 
that those most commonly employed are represonted 
by the simplo.st sign.s, wo are (mublod to send mes¬ 
sages with an average of a little more than two 
inclination.4 for each letter. A trifling pause is 
made between each letter, and a somewhat longer 
one between the words; but after a little practioe 
it is easy to read off messagos, even if some of 
those aru omitted. 

The code of signals is, of course, purely arbitrary: 
a standard one has, however, been settled on, and 
is now almost universally a<lot>tcd, since great 
practical iuconvcnienco is found to arise from the 
use of several independent codes. That originally 
introduced for the single needle instrument has now almost 
entirely given way to a universal one, based on that employed 
with the “Morse’’ instrument. This latter is seen on the 
laco of the instrument shown in Fig. 22, and will easily bo un¬ 
derstood from that. 

F and T being the letters in most 
general use, aw represented by single 
boats of the needle to thu left and right 
respectively. A, I, M, and N each require 
two bouts, while all the rest of the alpha¬ 
bet require throe or four. 

By a few examples wo shall very easily 
loam the meanings of the marks on the 
iustruinont face. A is indicated by a beat 
to the loft, immediately followed by one 
to the right; B by one beat to the right 
and three to the loft. Other letters are 
more complicated tlian these—F, for in- 
stanex!, requiring two to the loft, one to 
the right, and then one more to’Wie left. 
The signs appear at first to ho somewhat 
dilllcnlt; hut a little practice soon re¬ 
moves this, and enables the operator to 
receive or transmit messages with con¬ 
siderable speed. 

In addition to these signs for letters 
Ihoro are several others wliioh are fre¬ 
quently required, .and heneo are included 
in the code. When a word or message 
is nndrtt food, the reccivor acknowledges 
by a sintlo heat to the right; if, on the 
other hand, ho cannot deeipher the move¬ 
ments of Die needle, ho gives a boat to the 
left, to signify “ not understand." 

Figures are all represented by five beats, as follows:— 

\M \\// w// v\\\/ \m Aw Ax M\ IIIB 

12345 6 78 9 0 

and as the signs succeed each other in a regular ooorse they 
are easily remembered. 

The signs of punctuation are represented each by six distinot 
beats. Those for the comma and fnll stop are given on the 
disl-plato, and will be seen to be equivalent to the letters AAA 
and III respectively. A note of interrogation (?) is repre¬ 
sented by the signs for IT D; inverted commas (“ ’’), by those 
for APj a hyphen (-), by B A; an apostrophe (’), by W Q; 
and parentheses (), by K K. In each of these cases tiie boats 
snoeeed one another without any pause, and the letters ore 
meo^ given os an aid to memory. 
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VEGETABLE COMMERCIAL PRODUCTS.—X. 

INDUSTBUI* MEDICIKAI. FI.AHTS. 

1.—TXrniil PLANTS, OB PLANTS FBOK WHICH WX PKBITB 
CLOTRIKO AND COBDAQE. 

Wx sta indebted to the vegetable kingdom for olothing ea well as 
food. At wbat time man first discovered the means of forming 
axticles of olothing from the fibre of plants is not known, 
bat the pnotiee is ver; anoient. It was understood in the time 
ot the l^aiaohs, more than 1,600 years before Christ. Flax 
is thus alluded to in Genesis zli. 42:—“ And 
Pharaoh took off his ring from his hand, and put ^ 

it upon Joseph’s hand, and arrayed him in ves- 
tores of fine hnon.” It is not improbable that 
flax was cultivated even in pre-historio periods. 

It farmed both the garments and grave-clothes of 

the inhabitants of ancient Egypt; for the micro- 

aeope shows that the cere-cloth which envelopes ^ 

the Egyptian mummies consists of the fibre of W 

fioz. Wo, therefore, place it first on our list of 

textile plants, as the one of which we have the 

oldest historio reoord. 

CoHHON Flax (Ltnum usitatissimurn, L. ; 
natdltil order, Luiocece ).—This plant is a smooth \ 

fibrous-rooted annual, about two feet high, with 
sessile, alternate, lanceolate leaves and terminal 
hlne flowers, in corymbose panicles. Ovary glo¬ 
bular, five-colled, each cell containing two smooth, 
oval, brown, and glossy seeds. leatbs um 

Flax has a very remarkable geographical Ango, 
thriving in the temperate, snb-tropical, and even 
iropioal regions. It is not only cultivated in the United King¬ 
dom, but in every port of Europe, in Egypt, and in India. 
Formerly every rural family in England cultivated as much flax 
ns was required for domestic puriioses; now the spinning-wheel 
■has been superseded, and both linen and cotton goods are 
manofaetared by steam maehinery in the greatest abundance, 
in every variety of pattern, and with much loss time and labonr. 

To obtain the fibrous or woody tissue of flax, the plants, after 
flowering, are first polled up, ^od in the sun, oolleoted, and 
fihen soaked in water to destroy their green outer bark. This 
()rocesa is called water-retting, the word “ retting ” being a cor¬ 
ruption of rotting. The tough fibres of the stalks are thus sot 
free, are again dried, and then soutched, or beaten with a heavy 
wooden instrument, which completes their separation. After 


which sail-cloth, socking, and eroiy variety of ooidago arc [ 
mannfaotured. 

The hemp-plant is a native of Persia and of the northern parts 
of India, whonoo it has been introduced into Europe, where it is 
now extensively onltivated, especially in Bussia. Like flax, 
hemp has a very extensive geographical range, growing in almost 
any country and climate. It thrives admirably in Koi^h America 
and in Africa, and is found both in a wild and cultivated state 
from Northern Bussia to tropical India. 

When growing in warm countries the value of the hemp is 
much diminished, and another quality is deve¬ 
loped—it becomes powerfully noroutic, and its! 
k leaves, flowers, and stem become covered with a! 

B A peculiar resinous secretion called c&tPTus in India.' 

\ yy I By the Arabs this rosin is oalled hashash; and 

during the Crusades, men intoxicated purposely 
with it, called Ad.^h<isAesns, naed to rush into the 
Y camp of the Christians to murder and destroy, 

^ whence onr word assassin is derived. Hemp is’ 

employed in other forms besides churrus as a 
narcotic. The whole herb, resinous exudation in- 
eluded, is dried and smoked under the name of 
gunyah or bliany, when the larger leaves and oap-' 
\ sales only aro employed. The Hindoos of British 

^ India, and the Bnahmen of Southern Africa, 

g smoko those preparations in rude pipes, as we do 

H cigars and tobacco. Those pipes arc about throe 

inches in length, and are usually made out of the 
mrns or the caniuo tooth of some animal, perforated 

PLAHT. quite through, leaving only the enamel. The 

general effects of tropical hemp on the qrstem, 
when smoked, are alleviation of pain, groat increase of the' 
appetite, and mnch mental cheerfnlness. 

From experiments made with churrus, it would seem that the 
fakoers and other religious devotees of India aro indebted to it 
for their ability to perform some of their wonderful feats. One 
of thoBo experimonta is thus described by Dr. O'Shaughnessy ;* 
—'* At two p.m. a grain of the resin of hemp was given to a 
rhoumatio patient; at four p.m. bo was very talkative, sang, 
called loudly fur an extra supply of food, and declared himself in. 
perfect health; at six p.m. he was asleep; at eight p.m. inionrible, 
but breathing with perfect regularity, his pulse and akin natural, 
and the pupils freely contniotilo on the approach of light. Hap¬ 
pening by chance to lift up the patient’s arm, to my astonishment 
I found it remained in the posture in which I placed it. It 


this they aro heckled, or drawn required but a very brief exami- 
through the oombing apparatus, nation of the limbs to find that 
next bleached, and, lastly, handed the patient hod, by the influence 
over to the spinner. of this narootio, been thrown into 

From flax so prepared, coarse that strange and most extraordi- 
liuon fabrics are mannfaotared; nary of all nervous conditions, 
but the flax must be heckled sevo- genuine catalepsy.- Wo raised 
ral times through muoh finer combs him to a sitting posture, and 
to render it fit for the manufacture placed his arms and limbs in 
of fine linen, lawn, or lace. Tow every imaginable attitude. A 
consists of the rough and broken waxen figure could not bo more 
fibres detached from the skeins pliant or more stationary in each 
during the oombing process. Linen position, no matter how contrary 
when scraped is termed lint, in to the natural influence of gravity 
whim form it is very valtuible to on the port: to all impressions 
Tnx HAIBT SEED OF THE ^he wirgRon os a dressing for he was meanwhile almest inseu- ekctioh or seed of the 
coTtoH FLAHT. wounds. siblo.” Similar resulte wore ob- cottok feast. 

About 1,816,666 owt. of flax, tained from experiments on aiii- 
■dressed and undressed, were imported into the United Kingdom mala. As soon as the inilnonoo of the drug ocascs, the patient 
in 1868, chiefly from Bussia, Egypt, Turkey, Italy, Belgium, | recovers, without having received any injury from its effects, 
and Holland. We also raise flax largely onrselvas, especially in | The narcotio hemp of warm climates was, owing to its pei 
Ireland, where it is one of the staple oommoditios. liaritios, thought to be another spoctics, but it is now known only 

Hbm? (CawnaMs sativa, L.; natural order, Urtieoeea). —^Tho to be a variety, and is diatinguishod as Cannahis saliva, variety, 
hemp-plant is a tall, ronghish annnol, with a stem from five to ' Indifu, 

ten feet in height, and digitate leaves, with five to seven linear- ""^e imports of hemp into the United Kingdom in 1868 
lanceolate, coarsely-toothed leaflets. The flowers are green and were 1,042,320 owt., chiefly from Bussia, Hungary, Northern 
inoonspioaons, in oomponnd racemes or panioles, and monosoious, Italy, the Philippine Islands, and British India. The boat Hnn- 
i^t is, the etamena and pistils are in separate flowers on the garian hemp comes from the district of Peterwardoin, under the 
eame plomt. eeed ie produced in great abundanoe, and isi name of Solavonian hemp. From Italy we receive, in email 
sued for feeding email birds. The fibres of the stem are mneh, qnantitieB, a remarkably fine variety, raised by epade onltnre, 
longer and stronger than those of flax, and when separated and; called "Italian garden hemp. ” 
prepared (in a manner very similar to that adopted with flax, ; 

Bttd already described) oonstitnte the hemp of eonuneroe, fromj * " Popular Economic Botany," by T. C. Archer, pags 153. 
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Xb addition to sail-olothB and cordage, a coarse brown paper ie 
imado from hemp. Oakum ooneiets of tarry hemp, proonied by 
^lutwiatiDg old worn-out ship ropes, and it a most invaluable 
Bubstanoe to the chip's carpenter, who uses it as staffing with 
which to stop any le^agn in the vessel during the course of the 
voyage. Seams of timber-built ships are also caulked with 
oakum. 

CoTTOK Wool (the woolly covering of the seeds of several 
apccies of (Tossyptum; natural order, Jlfalvocecs).—Much uncer¬ 
tainty prevails amongst the best botanists as to the number of 
species of Qossypium wbioh furnish cotton. LinnEons has do- 
Bcribod five, Liimarck eight, Wildenow ten, and Do Candolle 
admits of thirteen. Tlio cotton of commerce, which consists of 
the hairs attached to tho seeds, and is therefore cellular tissue, 
appears to bo dcrivod mainly from throe species, designated as 
the nptton herb (QoBsypium hei'haemm, L.), tho eottou shrub 
(Qossijimm Indicum), and the cotton tree iGossypium arho- 
revm). 

1. Cotton (Gogeypium herhaeeum, L.).—Tho greatest 

amount of cotton is derived from this species, -whioh is the best 
known and most v/idoly spread. It is on annual, and cultivated 
in tho United states, India, China, and many other countries. 
It grows from three to four feet in height, having sub-cordate, 
throe to fivo-lobcd, alternate loaves, and pale-yellow flowers 
resembling those of tho mallow; the stamens are monadolphons, 
or nnitod into ono bundle by their filaments, and tho pistil has 
a Ihroo-oeUed ovary. 

After tho plant has done flowering, a capsule is formed which 
is surrounded by tho calyoine and involucral loaves. This 
oapsule grows to about wo size of a walnut in its husk, turns 
brown as it ripens, and then opens, displaying in its throe-colled 
interior a snow-white or yellow down enveloping each of the 
three seeds lying in each cell; altogether, nine cotton balls may 
I bo collected from eanh capsule, each ball with its enclosed seed 
being about the size of an ordinary grape. 

Chinese Kankin cotton is manufactured from a variety of this 
plant. The yellowish-brown colour of the nankin is not orti- 
floialiy produced by dyeing, bnt is the natural oolour of the 
cotton from which it is fabricated. 

2. Th®. Cotton Shktjb (Gossypiim Jndieum, Lamarck).— 
The oonon shrub is cultivated in India. It olosoly resembles tho 
former plant in many rospoots, but it grows from eight to twelve 
feet high; its flowers change from white to red, and its capsules 
ore ovoid. Tho cotton shrub is oultivatod in all countries whore 
the ootton herb is found. In the West Indies this plant lives 

^ from two to throe years, in India and Egypt from six to ten; 
:and whore the olimate is exeessivoly hot, it is usually very 
'long-lived. 

3. The Cotton Tbbe (Qossyjnum arhorcum). —The cotton 
tree inhabits Indio, China, Egypt, tho coast of Africa, and some 
places in America. It grows from fifteen to twenty feet high, 
and its flowers are red. It yields a voriotyof ootton of a very 
fine, soft, silky nature, which is used by tho EQndoos for making 
tnrbans. 

The ootton plant is usually cultivated in fields, and treated 
oa an annual. It is grown from seed which is placed in the 
ground in holes, sufficiently wide apart to allow for the growth 
of tho plant. Tho plants are carefully tended until they flower, 
whioh is usually eighty days from the time of sowing. Tho 
flowers, whioh are handsome, either yellow or red, and not unlike 
those of tho garden hollyhouk, are suoecodod by capsuloa, which, 
when ripe, open, and the cotton-oovered seeds in their intorier 
are immediately removed by the cultivator before tho wind is 
able to scatter them. Those cotton seeds are then sent to a 
mill, where by means of a peculiar ap]>aratnR oalled 
cotton is separated from them; they are then either kept for 
sowing ognio, or as material for the manufacture of oil, and 
‘ oil-cake for cattle. 

Ckitton oomes to this country in packages called baloa. The 
(word hale ie appUoablo to any kind of goc^s packed in cloth and 
' oordod'wiih rope. The average weight of each bale is 336 lb. 

In 1866, 4,008,601 bales of cotton, weighing 12,295,803 owt., 
wore imported into tiie'United Kingdom. The value of this 
ootton in the raw state was JE77,521|406, and its value, when 
Buuaufaotuted into cotton fabries, ,1^82,564,218. Of these 
fabrios we exported to tho value of iG60,865,0^, the remainder 
bMng retained for home oonsnmption. b 1868 the quantity ot 
xaw ootton imported was 11,857,893 owt. The snbstitation of 


the power-loom for the hand-loom has caused snob aa unoruiA 
of prosperity to the ootton trade, that it is now one of the 
most important branches of onr foreign oommeroe. 

In business, foreign ootton is separated into tine following 
varieties r— 

North American or United States Cotton .—Ihis is prodnoed 
in fEe states of Georgia, South Carolina, Alabama, Mississippi, 
and Louisiana. The best Amerioan ootton, whioh is, in fatt, 
tho best known in the market, is tho celebrated Sea-idond 
cotton, whioh grows on a row of islands situated along the 
coast of Georgia. Tho principal ports to the exportation of 
United States cotton are Charleston, Now Orleans, Mobile, and 
Savannah. 

South American Cotton .—^This comes into the market from 
tho Erazila, Guiana, Columbia, Venezuela, New Granada, and 
Peru. Almost all the West India islands, too, produoe cotton, 
and indeed of a saperior quality, preferable oven to tliat obtained 
from tho Brazils. 

African Cotton .—Excellent cotton is received from tho French 
island of BoTirbon ; Egyptian cotton has also greatly improved 
in quality recently, bccaneo the crops havo been raised from 
American scud. Tho best African cotton is, however, grown in 
Algeria, and is remarkable for the beauty of its colour, the fine¬ 
ness of its silk, the core taken in harvesting tho crop, and tho 
good condition in which it appears in tho madcot. The long 
silk cotton of Algeria partakes at the same time of the character 
of the long sUk staple of Georgia, and tho short cottons of 
Egypt, and approaches in quality tho finest Louisiana variety, 
Algeria is capable—if tho nooossaiy encouragement is given— 
of producing tho finest cotton in the world. 

Nasi Indian Cotton .—This is very inferior to tho North 
American, although British India, next to America, furnishes 
the largest quantity. The silk is very short, and not adapted 
to European machinery, whioh is framed to working tho finer 
American long cotton. 'I'his cotton is raised chiefly to expor¬ 
tation to China. Bocontly a bettor staple has been produced in 
India from American seed, and already a considerable quantity 
lias been oxportod to England. East Indian cotton comes in 
little boles, very strongly oomprossod and corded, which are 
carried on tho backs of camels, or on ^vagonB, to tho Ganges, 
and there received into boats with oapaeions iutoriors; these 
descend tho river, and take tho cargo to European ships. The 
East Indian aorta known in commoroo ore tho Bengal, Madras, 
Bombay, Surat, Siam, and Manilla cottons. 

Levant Cotton ,—This inolndes all tho cotton whioh is received 
froin ports in Euroi>oau and Asiatic Turkey, as well as from tho 
Morea and the Archipelago. Liko that from British India, it is 
of inferior quality. The principal sorts are tho Smymian, 
Syrian, Cyprian, Maoedoiiian, and Persian cottons. Most of tho 
lut is consnmed in Persia, exoopting some small quantities, 
whioh go to Bussia aid Astracon. 


OPTICAL INSTRUMENTS.—IV. 

BT BAHVEL HIOULEY, F.a.B., BTC. 

8PECTACLE8 i’OE THE PEESBTOPia 
In the normal or emmetropic eye the recession of the near- 
point oommenoes abont ther.tenth year, and progresses regu¬ 
larly with increasing age. forty, it lies about 8 inohoa; at 
fifty, at from II to 12 inches, and so on; and no inoon- 
veuienoo is oxporiencod from this recession till abont the age of 
forty or forty-five. This change in the near-point is met with 
in all eyes, being also /onnd in the healthy myopic and in the 
hypermotropio eye, and is due to anomalies of oooonunodation ; 
whilo hypermetropia, myopia, and asligmatism are referable 
to anomalies of refraction (see Figs. 6 to 11, page 160). The 
question will be asked, When are we to consider an eye pree- 
byopief Bonders has established an arbitrary standard by 
whioh he oonsiders we should regard presbyopia to have com- 
menoed when the near-point is found to have receded further 
thaw 8 inohea. The hypennetropio eye is considered to become 
presbyopic so soon as, while using glasses which nentialise 
the hypermetropia, ^e near-point lim farther from tiie ^ye 
than 8 inohes. This standaM also holds good in regard to 
myopic eyes, when the distance of the near-point amonnts to 
more than 8 inches, and it follows that onhr to slight degrees of 
myopia can ptesbyo|fla in the ordinary sense of the word belongjt 
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wliere H = | it is abnost impossiblo, even with total loss d ibe 
power of oooommodatioii. In sligrht degrees of myopia, pres¬ 
byopia ooonrs mnoh later than in the emmetropio eye. Herein 
the myopio (of ^ to ■^) find a compensation for what they lose, 
in respect to rision of distant objects, and the advantage is not 
slight, to find that they can, up to the ago of sixty or sovonty, 
dispense with spectacles for the obsorvanco of such objects as 
come immediately under their eyes—an advantage never enjoyed 
by the emmetropio. 

Sumo persons flatter themselves that they enjoy this privilege 
when at fifty-five the near-point lies at only from 8 to 10 
inches, and spectacles have not been found necessary j such 
persons are proud of their sharp sight, and consider themselves 
a lucky exception to the laws of decay. Any suggestion as to 
their being near-sighted is answered in the nogntivo, by a self- 
complacent smile. On trying them with Snellen's distance-tost, 
placed at 20 foot off, XX, XXX, or oven XL, are not recognised, 
li or LX being the &st easily distinguished, and not until they 
try concave giasses of jjj or ^ can they recognise XXX or XX. 
Such are oonsequontly myojric. On inquiry, it will generally be 
found that the parents presented the same pecnliaritios, when 
an inference may bo drawn that the myopia is hereditary. 
But the for-point also begins to recode somewhat in the normal 
eye above the ago of fifty; so that it then becomes slightly 
hypormotropie (distant vision being improved by convex glasses), 
which at sovonty or eighty may = (that is, the patient con soo 
distinctly at a distimcc with a convex glass of 24 inches focus). 
In such a cose, the hypermetropin, wliieh at first is only ac¬ 
quired (/f. acquisita), may afterwards bcuomo«.hsolato; so that 
the person is not only unable to accommodate for divergent, but 
even for parallel rays. 

Wo must bo careful not to confound that weakness of sight 
termed amblyopia with presbyopia, which might easily occur, 
as an amblyopic person also cannot sco-small objects disfanctly, 
and convex lenses (by affording him larger retinol images) 
improve his vision. If the patient cannot with a suitable lens 
distinguish No. 1 of Jager at 8 inches distance, but only 4 or C, 
or if ho is obliged to hold the object nearer to his eye than is 
warranted by ita size, then ho is amblyopic. It may be laid 
down os a practical rule that the nearer wo can approximate, 
by means of convex glasses, the rision and rango of accommo¬ 
dation of a presbyopic eye to that of a normal one, the loss is 
the impairment due to amblyopia, and irice versd. 

How are wo to determine the degree of presbyopia, and 
correct the deficit of accommodative power ? 

According to the old mothod, usually practised in opticians’ 
shops, tho patient is tested by the “ tryers,” “ sight-suiters,” or 
“trial case,’’ which consists of a scries of carefully worked 
convex lenses mounted in pairs in tortoiseshell spectoolo-fronts, 
which are clamped together at one end by a pivot that holds 
thorn in a box, which also forms a handle to bo held by the 
patient, wliilo each front in turn is placed before his eyes to 
find which focus enables him to road moderate-sized typo at 
ordinary reading distance, tho probable whereabouts of tho 
power required being arrived at by some such guide as the 
following:— 

At 40 years of ago convex lenses of 36 inohos focal lengtli 
will commonhj be required; at 46,J30; at^O, 24; at 65, 
20; at 58,18; at 60,16 ; at 66,14; at 70,12; at 75, 
10: at 80, 0 : at 85, 8; at 00, ?; at 100, 6—tho tliroo 
last deep lenses, 8, 7, 6, being rarely required, except for 
“ couched eyes.” 

> After the patient has been onoo fitted it usually only becomes 
a matter of increasing tho power of his spectooles by tlio glasses 
next higher in focal range, on his oomplaining that those ho is 
then using are not sufficiently strong. 

The convex trial ease includes the above-named series of 
6 , 7, 8, 9, 10, 12, 14, 16, 18, 20, 24, 30, 36, and also 48 inches 
fooi, the last b^g sagaciously and judiciously termed “ pre- 
srarers.’’ Such a mle-of-thnmb method must, however, soon 
give place to the more exact system established in recent years 
by (jontmental ocnlists. 

According to Do^flers, the degree of presbyopia may be readily 
found, thna:— 

It p > 8" = 8 -b tt, presbyopia. Pr. = | ; 

which simply means, we must dedoet the (arbitrary) preshyopio 


near-point (8 inches) from the absolute preshyopio near-point 
dotermined by trial. 

If we find a patient’s near-point lies at 12 inches, tlio formula 
would stand thus— 

V, Pr. = - 

or supposing it to lie at 16 inches, it is 

^0 “ "A* ~ I’s- 

This also gives tho foona of tho convex Ions, which would 
bring tho near-point bsick again to (tho arbitrary standard for 
tho ncar-point) 8 inches. 

In the first cose, the convex required would bo 24 inches ; in 
the second case, 16 inches. 

In each casothocli/eccncf between tho two fractions oxprossos 
tho deficit of aeeommodation tho patient liiheuvs under. In tho 
former case ho would find himself, for distinct vision at 8 inches, 
minus such an amount of aeeommodation as is equivalent to a 
24-inch convex lens, in the latter case to a 16-iiich convex lens; 
co7isequciit]y, if to tlie first wo artificially HU)iiilied a 24-inch 
convex, and to the second a IC-iiich eoiive.x, in each case wo 
should correct his presbyoi>ia; and provichsl that tho patient 
exerts all his natural aeeommodation (2i and respectively), ho 
woflld bo able to read, etc., at 8 inches. Few persons, however, 
could sustain such a strain on tlio ciliary iiinsoles for any length 
of time without fatigue (asthenopia); but as few persons wish 
to work for any leng^ of ti mo ut so close a distance as 8 inches, 
a more convonient distance, such as 10, II. or 12 inches, will 
answer without overtaxing the natural power of aeeommodation. 
Tlio result of theory’ must, liowcver, always bo chocked by trial, 
for it will often bo found that strain may bo avoided by supplying 
a weaker lens than the above formula indicates. 

Tho object to be attained in sniiplyiug a presbyopic person 
usually with spectacles should be to reinforce his dcfcotivo 
accommodation by convex lonsos neither so sti-ong as to snper- 
Bodo his own remaining natural accommodation, nor so weak 
as to tax it further than it admits of. 

For such oorroctivo trials a set of lenses of known fncul length, 
in pairs, is required, together with a spectsiclo-frivuic, in which 
such lenses can be readily fitted and chiiTigtid. Jiiger’s frame is 
tho best, as tho rings for supporting tho glasses are movable, 
to admit of their distance being regulated, so that tho patient 
can look through the centre of both glasses ; and, further, it 
allows of tlio centre of tho pupils hoing notcil. 'i'he sot em¬ 
ployed on the Continent comprises 28 pairs of bi-convex lenses of 
2, 24, 24, 3, 3h 4, 4.J, .'i, .VJ, 6, 7, 8, 9, 10, 12, 14, 10, 18, 20, 
22, 24, 26, 36, 40, 48, 60, 72, and 100 inches iiositivo focal 
lengtli, and 28 pair of bi-concave lenses of corresponding negative 
focal length, together with a set of glass prisms with refract¬ 
ing angles of .3“, 4", 5®, 6°, 7“, 9”, 10“, ]2'», 14", 16", 18". 

’I'hoso usually correspond to the I’riissian inch, which differs 
but little from tho I'higlish inch, hut is less than tho Parisian, 
inch. In practice a reduction will rarely be necessary; but it 
should bo reraomberod that, as a large number of lenses sup¬ 
plied to opticians are of French mannfactnrc, while tho Fnglish 
scale is usually employed for mcosuriog focal length, etc., tho 
Knglish inch is only equal to about O'O-t of tho I’urisinn inch. 
It is evident care must bo taken that tho lenses nsed in the 
optician’s trial box also egrrespond to tho French scale, and 
that his optometer is graduated to tho siiine meiisiire. niilcss ho 
uses lenses worked to the English scale, when of course tho 
English System must ho adopted for “ tryers ’’ and ojilonietcr. 
As it is well known that at first, while the amount of pres¬ 
byopic disturbance is but slight, glasses of are usually 
Buffioient, and also that in proportion us the time of life 
advances, and tho rango of accommodation stesdily diminishes, 
stronger and stronger glasses are required, it wiis not nn- 
natorol that opticians and oculists should arrange glasses 
according to the time of life at which, on an average, they 
become necessary; but as eyes differ too much to make ago 
alone tho criterion in tho choice of spectacles, with some 
amount of justioo this old custom ha-s been ridiculed; but as 
for as emmetropic eyes arc oonoenied, tho diminution of tho 
range of aooommodation licing os a rule regular, the time of 
life may in general be taken as a guide, if the many oiroum- 
Btanoes which modify the indications furnished by the time of 
life be not overlooked. 
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PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—V. 

To inserihe four equal circles in a circle, cadi touching two 
others and the cimtaining circle (Tig. 48). 



othor. 

From A, B, o, l), with rodiuB of Iho circle, dcacribo arcs cutting 
ench other iu i-, <i, it. 

.loin those i)uiiits, und a square will bo do.scrihed about the 
circle. 

liraw the diogunalH k h and a r. 

Bisect the angle o P o, and produce the bi.sccting line until 
it cuts <■ D iu I. 

From o, with radius o i, describe a circle cutting the linos 
A M and <■ l> in .1, it, and n. 

From those centres, with radius i c, describe tho four required 
circdi'K. 

To ih.,e'V'e ►'("•<,1 cijiiai circles iu o clicle (Fig. -19). 


A 



thus dividing it into six equal parts in tho points A, n, c, D, E, E, 
and draw tho radii. 

Divide one of tho radii, as o A, into throe oqrjil parts—^riz., 
o «, a H, B A. 

From o, with radius o a, describe the central circle. 

From o, with radius O h, describe a circle which, cutting tho 
roilii, will giro tho points i, J, K, t., M. 

From these pointsi with r^us o O. describe tho six circles, 
each of whieh will tonoh the central circle, two others, and the 
containing circle. 

Similarly, a eirolo o o being given, to draw six equal oirclea 
to touch it and each other, divide the cironmferonoe of the given 
circle into eix equal parts. Draw radii and produce them. 
From o eet off a h, eciual to o o. From o, with radius o h, 


describe a circle which, cutting the produced radii, will give, 
with H, the centres i, j, k, Ii, k of tho six oirclos. 

Within a drele to inscribe any number of equal circles, each 
touching two others and the containing circle (Fig. SO). 



Divide tho circle into equal sectors, corresponding to tho 
required number of oivolu.s—viz., da, ab, n c, oto., and bisect 
tho sectors by tho linos e, e, a, etc. 

I’roduco any two of the radii, as A and B, and draw tho tangent 
H i parallel to A B. 

Bisect one of tho angles at tho base of the isosceles triangle 
thus formed, and produce tho bisecting lino until it outs o f 
in j. 

From O, with radius o J, describe a oirclo cutting each of tho 
linos which bisect the sectors in b, m, n, k, otc. 

From those points, with radius j f, describe the required 
oiroles. 

By drawing p q parallel to a b, and bisecting tho angle at 
the liase of tho triangle, the coutro for another circle may be 
found ; and by continuing tho i)roces3 as before, another series 
of circles may bo drawn. 

ication of the division of a circle in drawing a rack and 
trundle (Fig. 51). 



Tho oirole A, on which the centres of the oiroles representing 
sections of the bars (or teeth of the trundle) are placed, is 
called tho pitch circle i and tho line on which are the points of 
contact between the teeth of tho rack and those of the wheel, 
is called the pilch line. > 

'Ihe pitch oirole must be divided into parts equal to the 
given number of teeth, and spaces, B c, c d, etc., must be set off 
on the pitch oirole, and similiur leng:thB,xv(s b c), po (= cd), 
etc., mnst be set off on tiie pitch line H I. Hie rest of the 
oonstiruotion will be readily understood on reference to tho figure. 










CHEiaSTEY APPLIED TO THE ARTS. 


30!» 


Nttineioai stadiM in this branch of the subject will be given 
in the eeiiee of leeaona on “ Technical Drawing.” 


The above (^’ig. 52) is an example of the ilivision of circles 
in drawing the phm and elevation of u column, and ia intro¬ 
duced hero in order to impress on students the necessity of 
acquiring tlie utmost accuracy in division of spaces. 

The circle forming the boundary of the pin i is to be divided 
into a number of ports, corresponding to the required number 
of flutes—viz., 1, 2, 3, etc.; half the width of the fillets is 
then to be sot off on each side of those divisions, as a, b, etc., 
and semicircles drawn from tho centres of the remaining spaces. 

ITjo elevation of tho column ia projected by drawing perpen¬ 
diculars from the various points in the plan. 

For full details in the construction of elevations, plans, etc., 
see lessons in “ Projection.” 

To divide n circle into any nutrdier of equal parts, havimj tlue 
tame area (Fig. 53). 



Divide the diameter A B into the required number of equal 
parte, a.c, c d, d e, e f, f b. 

From points a, a, midway between A C and v b, describe 
semioiroles, F B and A c. 

Prom point B, describe the semicircle c n. 

From D, describe the semicircle f a. 

From h and b, midway between c d and e F, draw the semi- 
oiroles B A and d b. 

From c and f, draw the somioirolcs D a and K B, which will 
complete the figure. 


To divMe a yiven circle into a given numher of concentric 
ringi and central circle having the tame area (Fig. 54). 



Draw a radius a b, and on it describe a semicircle. 

Divide the radius a b into tho number of equal parts oerre- 
sponding with tlie number of rings, etc , rciiuired. 

•From tho points of division, 1 2 3, raise perpendiculars 
cutting the semicircle in 1', 2', 3'. 

Then from the point n as centre, with the rmlii B1', b2', b 3', 
draw circles passing through tho points 1', 2', 3'. 

The concentric circles passing through these points divide the 
area of a given circle into throe concentric rings, c, i>, e, and an 
inner eirule. f, all having an equal area. 

Tho following figure is given as a study of geometrical draw- 
ing, showing an ellipse in which tho curve is to bo drawn by 
hand. Further studios, also to bo drawn by hand, of a semi- 
elliptical arch, and an elliptical figure formed by arcs of circles, 
will be given in the next lesson. 

To dram an ellipse, the diameters a b and c d being given 



Place the dianietors A B and c d at right angles to each 
other, intersecting in E. 

Find tlio foci v and P from c with radius equal to F. A. 
llotweon e and v, mark off any number of points, as 1, 2, 
3, 4, 5. (It is advisable that these points should bo nearer 
together as they approach f.) 

From F, F, with railiua 1 b, describe ihe ares g, o, g, g. 

From F, F, with radius 1 A, describe the ares h, ii, b, h. 

The arcs n, H, II, ll will interseet tlio arcs o. a, ti, o is 
I, 1, I, 1, and these will bo four points in the curve. 

Proceed to strike arcs from f f, first with 2 b, and then with 
2 A ; and these intersecting will gii e four more points. 

When arcs liavo been struck with the lengths from all tho 
points to A and b, tlio curve of the ellipse must l>o traced by 
Imnd through tho intersections. 

CHEMISTRY APl’LIKD TO THE ARTS.—VJ. 

BY GEOKOE HEADSTONE, F.C.B. 

TANNINO. 

Hides, in common with other animal substances, ate liable to 
putrefaction; and this action cannot readily be stopped, exceiit 
by a process of drying, which renders the skin hard and stiff. 
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or by that of tanning, in whiob the euftneas and pliancy, whioh/ 
are attributcH of go 'much importance, can bo retained. Hides 
and Hking—the former tom bulng applied to those of the 
heavier and larger animals, snob as the rhinoceros, buffalo, ox, 
etc., and the latter to the smaller and lighter, such as the oalf, 
ehuop, goat, etc.—are in tanning converted into leather; an 
operation dne to the affinity of tanuio acid for tho gelatine and 
albumen as well an the animal membrane contained in tho raw 
article, which loads to the formation of a new compound that is 
not decomposed by tho action of tho atmosphere. 

The skin of all animals consists of two distinct parts—tho 
epidermis, or scarf-skin, whioh forms a very thin layer in tho 
exterior surface, mid the cutis, or true skin, whioh lies below. 
It is mth tlio latter tluit the tanner has to do. This is a 
fibrous hnb...tnm'ekiiK('ly composed of gelatine, whereas tho other 
is of fi horny (ihiinmter, and is not acted upon by tho tannin. 
Tlio affinity of llic true skin for tannic acid may be easily 
tested, by making an iu|uenns solution of tho latter, and tlion 
inserting in it a pioco of skin of an ascertained weight, which 
will take it ail np; and tho finantity of msid whioh hod been 
dissolved in the water mn.y thon bo caleulatod, by finding the 
inoroase in weight which tho skin has attained during the 
oporation. 

Tho raw articles aro received into tho tan-yard in very 
various oouditioiiH. Tho ox-hides and sheep-skins from .the 
shambles are .just in the state in whioh they came off tho 
shinghtcrcd animals; those received from abroad have, how¬ 
ever, uiidcrgono somo process to kecii thorn from dooomjmsition 
in the moantiuic; they aro generally cither dried, in whioh case 
they have become almost rigid, or they are pickled in salt, in 
which case they retain much of their moistiicss and pliancy. 
Tho Hast India and Cape supplies aro usually dry, and have tlio 
hair rcniainiiig upon them; tho wot, salted hides mostly come 
from South America. 

Bofuro doHcribing tho course of treatment to which they are 
subjeoted, something must bo said of tho various substouecs 
generally used as houtcch of tannin. Tho most familiar of 
these is oak hark, having until roceiitly boon much more 
exolusively used than now. It still continnos to bo tbo only 
important artiulo containing tannio acid which is obtained in 
any quantity in this country, thongh tho bark and loaves of 
most trees oonbiin more or loss of this principle. Tho bark of 
young treos rnntaius tho largest per-oontagn, and the quantity 
is greater in spring than at other seasons; but in tliis oountiy 
neither of these considerations have much weight, tho bark 
being of secondary importance to the timber, which improves 
with age, and is best when felled in the summer or autumn. 
Tlieso ciToniustanoos servo to account for tho groat variations 
in tho quality of difFcrent jiaroclB of bark, and show tho import- 
onoo of determining by chemioal means the qmintity of tannin 
they contain, whioh cannot bo oven aitproximntely arrived at by 
tho most experioinM'd judges from tho niei-o api)oarance of tho 
sam]>los. Itire.h and willow hark aro sometimes used in this 
cf»uiitry, but tho former mneh more generally in Knssia; tho 
agreeable and very permanent odour that distinguishes Bussia 
leather being duo to a peculiar oil contained in tho bark of tho 
birch. 

Tho warmer climates suptdy a number of vegotablo produo- 
tions rich in tannin, that are eonsluntly attracting increased 
attention, and are destined to enter into still more general use, 
as tlio homo supply of oak bark would not keep pace with tlio 
increoso of tho demand, were tlie tanner dejicndent upon it 
alone. Prom tho shores of tho Mediterranean two very impor¬ 
tant articles are roceived—sumaidi and vulonio. The former 
consists of tbo loaves of the tree so called, whioh are dried and 
ground up ; the latter is the cup of a particular species of oak 
that grows cxtonsivoly in Greece and 'Inrkey, and which is 
renuirkablo for its very lai^o aorrns. 

From the tropics are obtained dividivi, myrobalans, and 
eatiiehu, whioM' aro all rich in tannin. Tbo first of those is tho 
fniit-pod of a tree which grows in tropical South Amerioa; the 
second is the dried fruit of one that is common in India; and 
tho last named (of which there are several varieties, known under 
names of terra Japonioa, cutoh, and gambicr), oonsists of the 
inspissated juice of certain trees whioh grow principally in the 
Eaet Indies. These last arc extremely rich in tho important 
^mente, being weight for weight about five times os effective 
in tannuig as oak bark. 


I Of late years the aoacia trees, whioh abound in great variety 
in Australia, have been found to yield barks whioh ore valuable 
in tanning, and oonsiderable quantities of leather are now made 
with tho aid of this material. 

The value of these different artiolos to tho tanner is not, how¬ 
ever, to bo measured exactly by tho proportion of tannin whioh 
thoy contain. The trade always looks for what is called 
“ bloom ” npon the leather, and those substances which produce 
this effect best aro consequently specially appreciated. The 
want of this quality in the different kinds of oatoohu detraota 
from the value whioh their riohness in the tanning properties 
would otherwise assure to them; while oak bark, valouia, and 
I dividivi are diatinguished for the beautiful bloom which they 
impart. It is also worthy of note that some substonoea, which 
are thomselvos rich in tannic acid, are of no actual value for 
tho manufacture of leather; for though they will produce tho 
I chemical action necossairy for this purpose, it is found in 
I practice that the leather made with them is liable to decomposi- 
I tiou, so that it is wanting in its most important characteristic, 
j Oak-galls, and all other oxerescouces which aro not natural 
vegetable growths, have this defect; and infasions of them aro 
also very liable to another disadvantage—viz., a readiness to 
ferment, which results in the eonversion of tho tannio into 
gallic acid, the effect of which will bo described presently. 

Tho usual iirooesHos for converting hides or skins into leather 
must now be doscribod. If groon hides (i.e., tho.se fresh from 
the slanghterhonso) are to bo operated npon, the first thing to 
bo done is to cleanse them, by taking off all tho particles of 
j Uosh, etc., whioh may be adhering to them; and then, if thoy 
I are not to ho uscu at once, thoy must bo pickled in salt to keep 
them sweet. Foreign hides, which have necessarily beou either 
dried or salted, need a great deal of soaking in water to render 
them soft and jiorouB; so that a largo supply of water is an 
essential requisite in a tan-yard ; and the water should be soft, 
as tho earthy ingredients in hard waters are apt to form in¬ 
soluble compounds with tho fatty matters in the skin, and so 
prevent tho action of tho tan. 

ISio next step is to lake off tho epidermis, and the hair with 
it. This is cnmmoiily dune by liming, for which purpose tho 
skins ore steeped in vats containing a solution of qnioklime in 
water, from throe days to throe weeks, aooording to the natnro 
of tho article operated upon, tho heaviest hides occupying tho 
longest time. During this pi-oeoss tho skins are handled, or 
turned over periodically, in ordor to keep the liquor stirred, and 
so prevent any unevenness of action upon them. Tho hides 
are then scraped with a long two-handled knife upon a beam ; 
tho beam, as it is called, being a sloping bonob with a curved 
surface, over whioh tho hide is stretched during this operation. 
Tho sharp edge of tho knife removes tho opidorinis and tho hair 
at tho same time. If tho hide is then found to be unovon in 
thickness, it is turned over, and the inner side is subjected to a 
scraping and rubbing down until oU inequalities are removed. 

The preparatory liming has unavoidably caused some of those 
insoluble compounds which have boon already referred to as 
the result of using bard water ; and those must bo got rid of 
bofore commonoing tho octnal tanning process. Fur this 
purpose a “ bate,” or solution of dogs' dung, is used, in which 
the hides are stooped for a week or ten days. The “ bate ” con¬ 
tains an ammouiocal chloride, tho chlorine of which combines 
witli the lime, farming a soluble compound tliat can be easily 
removed by washing. 

There are other modes of preparing for taking off the hair 
whiuU have their advantages, esiiociolly in rendering the bating 
nnnoooesary. It may be done by prodnoiug a fermentation ,j 
for which purpose some milk, or a mixture of meal and water, 
is very offeotivo. Another mode is technically oallod “ sweat¬ 
ing ; ” it is produced by piling the hides one over the other in 
a pit, when a oonsiderable beat wiU be generated, and putrefac¬ 
tion will commence. This will bo ovidoncod by the presence of 
an ammoniocol odour whioh will be evolved; and care must 
then be taken to check the process immediately tho hair has 
become loose, as a continuance of the action would prove dele¬ 
terious to the quality of the hides. Exposing them to tho 
action of steam in a steam-chost will produce same loosen¬ 
ing effect upon the epidermis, and it is net attended with the 
risk of injury, which is one of the objections against the sweat¬ 
ing process. 

The hdr having been removed, and the bating (if nsoessary) 
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lutying been aooomplished, tbo next stop is to prepare the 
hide to reoeive the tan os roadily as possible. This is 
called “raising," the result being the distension of the oellalar 
tissue of the skin, which facilitates the subseqnent aotion of 
the tan. It may bo done either by immersing the hides in 
a very weak aqueous solution of sidphuxio SMsid, or of spent 
tan—the latter being considered the bettor, though the slower, 
process. 

We now come to the most imiwrtant part of the whole opera¬ 
tion^—the tauuijig, properly so called. This nsod to occupy a 
very long time, in some instances as mnoh as two years; but 
great attention has boon paid to tbo shortening of its duration, 
and some plans have been devised by which it is possible to 
aooomplish it in a fortnight or so. It is, however, found that a 
complete combination botwoon tho tamtic acid and tbe gelatine is 
always a matter of time, an excess of tho tannin being necessary 
in order to prodnoo tho required ofTcct; and if the operation bo 
performed too rapidly, an inferior leather is sure to bo tbe result. 
Tho old plan was to put tho hides in pits between layers of 
ground bark, and leave them there for months, until tho bark 
was oonsidored spent, when tho process would be repeated with 
fresh material, and so on until the hides wore sufHoiontly tanned. 
It was afterwards fonnd to bo more expeditious to introduce 
tepid water into tho pits for the pm-poso of drawing ont tlie 
tannin from tho bark. Now, on extract of bark, tcohnioaUy 
called “ooze," is found to bo still better. This may be mado 
cither with cold or warm water, and tho strength of tho solution 
con be regnlatcd as may bo desired. 

In the tan-yard a sorios of pits are arrangjpd, with feed-pipes 
for supplying tho oozt, and in those tho hitlcs are laid, and then 
tho liquor introduced. Tho hides must, however, bo handled or 
tnmed over twice a day at first, boing returned into tho same 
or the adjoining pit, the pits boiiig so arranged that the first 
contains tho weakest oozo, and so on up to tho strongest or 
conoeutrated solution. When they oro passed into tho stronger 
ooze, the hides ore handled only once a day, and snbseqnoutly 
only onco a week or more, up to a month. Prom this cironm- 
stanco tho pits containing tho weakest solutions are oalled 
“handlers,” and those containing tho stronger ore termed 
“layers” and “bloomers;” a concentrated solution boing finally 
used in order to give a bloom to tho leather. Heavy hides 
ruqnire usually a period of about eight months to tan them 
properly with oak bark, and about double their weight of bark; 
but if the other materials already named arc nsod instead, a 
proportionatidy less quantity is required, and the time occupied 
is also somewhat shorter. 

After being finally taken out of tho tan-pits the hides have to 
beSiarofully dried in a moderately warm chamber, and ore 
usually rolled under heavy brass rollers in order to give them 
more oompactness and a hotter surface, upon whioh their 
marketable value considerably depends. 

It has boon already stated that tho production of leather is 
due to tbe aotion of tannio acid niion tbe gelatine (of whioh akin 
is mainly oomposod), forming tliorouf an insolublo compound; 
bat tannic acid has, unfortunately, a groat tendency to become 
oxidised and pass into gallic auid, which will not precipitate 
gelatine, and cannot, therefore, convert a raw hide into leather. 
It is therefore necessary that such precautions should bo taken 
as will prevent this chemical cluingt, though in many tan-yards 
a good deal of gallic acid is prorlncoj without its being objocted 
to, as it has the property of swelling the hides, and so rendering 
thorn more permeaVde to the tan liquor; however, tho loss in 
the strength of the latter is not oomponsated by ^e aotion of 
*ihe gallic acid. An cxiiosure to tho air at an elevated tom- 
poraturo is a common canso of tbo oxidation of the tannio 
acid; and this action is particularly liable to take place when 
the vegetable fibre of bark or sumach is left in tho solution, 
the fibre apparently acting tho part of a formont in such 
eases. Shoidd fermentation have set in, it may readily be 
stopped by the use of alcohol, carbolic acid, or other similar 
snbstanoes. 

It will be seen from the foregoing that the tanning prooess is 
a singularly slow one, and though many plans have been sug¬ 
gested for shortening tho time required, praotioal inoonveniencea 
have prevented their general application. The discovery of any 
simple means by whioh tho operation could be materially expe¬ 
dited would confer a most signal benefit upon this large and 
inureasing branch of trade. . 


PBINCIPLES OF DESIGN.—IX. 

By CaaiBTOFHXB DasssEB, Ph.D., If.L.S., etc. 
aUT FUBMITOUS—CHAIRS. 

HaviNa oon^dered those principles whioh are of primary im¬ 
portance to the ormimentist, wo may commence our uotico of 
the various manufactures, and consider the particular form of 
art that should be applied to each, and tlio special manner in 
which decorative principles should be cousidorod as applicable 
to various materials, modes of working, and reqniromonta of 
individual manufactures. 

Wo shall commence by a consideration of fumituxa, or cabinet 
work—first, because articles of furniture occupy a place of 
groatoT importance in a room than cai'pots, wall-papers, or, 
perliaps, than any other decorative works; and, second, because 
wo shall loam from a consideration of farnituro those strao- 
turol principles which will bo of value to us in oonsidoring tho 
manner in which all art objects should bo formed if they havo 
solid, and not simply superficial, dimciisions. 

In tho present chapter I shall strive to impress the fact that 
design and ornamentation may be essentially dilToront things, and 
! that in considering tlio formation of works of farnituro these 
should bo regarded as soparalo and distinct. “ Design,” says 
Redgrave, “ has roforenoo to tho construction of any work both 
far use and beauty, and therefore includes its ornamentation also. 
Ornament is merely tho decoration of a thing constructed.” 

The construction of furniture will form tho chief theme of 
this chapter, for unless such works aro properly constractod 
they cannot possibly bo useful, and if not useful they would 
fail to answer tho end for which tliey wore contrived. 

But boforo commencing a cousidurution of tho principles in¬ 
volved in tho construction of works of furniture, lot me sum¬ 
marise what is required in such works if they ore to assume 
tho character of ort-woiks. 

1. The general form, or mass form, of all oonstructed 
works must be carefully oonsidored. Tho aspect of tho “ sky- 
blotch ” of on architectural edificu is very important, for as the 
day wanes the detail fades and parts become blended, till tho 
members compose but one whole, which, wivon seen from tlio 
east, appears as a solid mass drawn in blackness on tho glowing 
sky: this is the sky-blotch. If tho edifice cii masse is pleasing, 
a groat point is gained. Indeed, tbo general contour should 
have primoiy oousideration. In like manner, tho general form 
of all works of fnrniture should first ho oared for, and every 
effort should bo made at securing beauty of shape to the 
general moss. 

2. After having cared for tho general form, tho manner in 
whioh the work shall be divided into primary and secondary 
parts must bo considered with roforonce to the laws of propor¬ 
tion, as stated in my last article. 

3. Detail and enrichment may now be considered; but while 
these cannot be too excellent, they must still bo subordinate in 
obtrosivenoss to tbe general moss, or to the asxioet of the work 
as a whole. 

4. Tho material of which the object is formed must always 
bo worked in tbo most imtoral and approiiriate manner. 

5. Tho most convenient or a]iproxiiiato form for an object 
should always bo chosen, for unless this has been doiio no 
reasonable hope can bo ontortaiued that tho work will be satis¬ 
factory ; for tho oonsidoraiion of utility must in all cases pre¬ 
cede tho oonsideratiou of beauty, as wo saw in my lust chapter. 

Having mado those few general remarks, wo must puss to 
consider tho structure of works of furniture. Tho material of 
which wo form our fumituro is wood. Wood has a “ grain,” 
and tbo strength of any particular piece largely doiionds upon 
the direotion of its grtun. It may bo strong if its grain runs 
parallel with its length, or weaker if the groin crosses diagonally, 
or very weak if the grain crosses transversely. However strong 
the wood, it becomes oomporatively much weoj^er if tho giain 
cross the piece; and however weak tho wood, it bocom 0 .s yet 
weaker if the grain is transverse. Theso considorations load ns 
to see that the groin of the wood must always heparalltil with 
its length whenever strength is required. 

Fox oux guidance in the formation of works of furniture, I 
give the following short table of woods arranged as to their 
strength:— 

Iron-toood, from Jamaica—very strong, bearing groat lateral 

pressure. 
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Box of Dlawarry, Now South Wales —yexy stronff, but not bo 
■trong as iron-wo<^ 

Monintain a*h, New South Wales — about two-thirds the 
strength of iron-wood. 

Beech —nearly as strong as mountain ash. 

Mahogany, from New South Wales—not quite so strong as 
last. 

Black dog-wood of Jamaica—three-fourths as strong os the 
mahogany just* named. 

Box-wood, Jamaica—^not half ns strong as the box of New 
South Wales. 

Cedar of Jamaica—^balf as strong as the mahograny of Now 
South Wales.* 

Wood can be got of sufflciont length to meet all the require¬ 
ments of furniture-making, yet wo not nnfreqnently find the 
arch structurally introduced into sneh wooden objects while it 
is an absurdity so to do. Tho arch was a most ingenious inven¬ 
tion, as it affords a moans of spanning a largo apace with small 
portions of material, os with small stones, and at tho some 
time gives great strength. It is, 
therefore, of the utmost utility 
in constructing stone buildings; 
but in works <ff furniture, where 
wo have no large space to span, 
and where wood is of the utmost 
length required, and is stronger 
than our requirements demand, tho 
use of the arch becomes structu¬ 
rally foolish and absurd. The folly 
of this mode of structure becomes 
more apparent when we notice that 
a wooden arch is always formed of 
one or two pieces, and not of very 
small portions, and when wo fur¬ 
ther consider that, in order to the 
formation of an arch, the wood must 
be out across its groin throughout 
the greater portion of its length, 
whereby its strength is mateirially 
deorea^; while if the arch were 
formed of snudl pieces of stone 
great strength would be seoured. 

Nothing can be more absurd than 
tho practice of imitating in one 
material a mode of construction 
which is only legitimate in the case 
of another material, and of failing 
to avail ourselves of the portioular 
mode of utilising a material which 
secures a maximum of desirable 
rosnlts. 

While I protest against the 
oroh when structural in furniture, 

I see no objection to it if used 
only as a source of beauty, and When so sittuitod as to be free 
from strain or pressure; but this matter I shall revert to when 
oonsideting tho formation of cabinets, when I shall illustrate 
my meaning more fully. 

One of the objeots which wo ore frequently called upon to 
eonstmot is a chair. Tho chiur is,' throughout Europe and 
America, considered as a necessity of every house. So largely 
used arc ohaini, that one firm at High-Wycombe employs 5,000 
hands in making common cane-bottomed chairs alone, and yet 
wo see but few chairs in the market which arc well ennstmetod. 
All chairs having curved fnmM—whether the curve is in the 
wood of tite book, in the sides ot the seat, or in the logs—ore 
eonstmot^ on false principles. They are of necessity weak, 
and beiug weak are not nsefuL As they are formed by using 
wood in a manner which fails to utilise its qualities of strength, 
these choirs are offensive and absnrd. It is true that, through 
being surrounded by sneh ill-formed objects from our earliest 
infancy, the eye often fails to be offended with such works as it 
would be were they new to it; but this does not show that tiiey 
are the kaa offenaira and oanatmetirely wrong. Besides, when* 


■ For fun partlmlan on this saljaet see "OaWogue of th« Col- 
leatioB Ulastmttec CoastmotioB and Baildioff Xateiial," in the Sooth 

Xenslagton Maasom. 


ever wood is out across the grain, in order that we may get 
anything approaching the requisite strength, it has to be nrooh 
thicker and more bulky than would be required were the wood 
cut with the grain; hence such furniture is nnnooessarily heavy 
and clumsy. 

Fig. 19 represents a choir whioh I have taken the liberty of 
borrowing from Mr. Eastlake’s work on household art.* Ihia 
choir Mr. Eoetloke gives as an illnstiaticm of good taste in the 
construction of furniture; but I give it as an illustration of 
that whioh is esseniiaUy bad and wrong. The legs are weak, 
being cross-grained throughout, and tho mode of unting the 
upper and lower portions of the legs (idie two semicirolMi) by a 
circular boss is defective in the highest degree. Were I sitting 
in such a choir, I should be afraid to lean to tiio right or the 
left, for fear of tho chair giving way. Give me a Yorkshire 
rocking-ohoir, in preference to one of tibese, where I know of my 
insecurity, much as 1 hate them. 

A chur is a stool with a back-rest, and a stool is a board or 
plane elevated from the ground or floor by supports, the degree 

of elevation being determined by 
the leng^th of tho legs of the 
person for whom the seat is made, 
or by the degree of obliquity which 
the body and legs ore desired ta 
take when using tho seat. If the 
seat is to support the body wlien 
in an ereot sitting xmsture, about 
seventeen to eighteen inches will 
be found a oonvonient height for 
tho average of persona; but if the 
logs of the sitter are to take an 
oblique forward direction, then the 
scat may bo lower. 

A stool may consist of a thick 
piece of wood and of three legs 
iimerted into holes bored in this 
thick top. If these legs pass 
through the upper sarfaco of the 
seat, and are properly wedged in, 
a useful yet dnmsy seat results. 
In order that the top of the stool 
be thin and light, it will be neces¬ 
sary that tho legs be connected by 
frames, and it will be well that 
they bo connected twice, once at 
the top of each log, so that the 
seat rest upon this frame, 
and once at least two-thirds of 
the distance from the top. The 
frame would now stand olme, and 
although tho scat is form^ of 
thin wood it would not crack, as 
it would bo supported all round 
on tho upper frame. 

A chair, I have said, is a stool with a back. There is not one 
chair out of fifty that we find with the back so attached to the 
seat as to give a maximam of strength. It is usual to make ■ 
baok-leg and one side of the back of tho chair out of one piece 
of wood—that is, to continue the back-legs up above the seat, 
and cause them to become''.he sidos of the ohoir-baok. When 
this is done the wood is almost invariably curved so that the 
book-legs and the oWr-baok both incline outwards from the 
scat. There is no objection whatever to the sides of the back, 
and the legs being formed of the one piece, but there is a great 
objeotion to either the supports of the book or the legs being 
formed of oross-grained wood, as much of their strength hr 
theiaby saerifiood. Our illustmtions (Figs. 20—25) will give 
several modes of eonstmoting bbairs such as I think lagiti* 
mate; but I will aak the reader to think for himaelf upon the 
oonstmetion of a chair, and espedoBy upon tiie proper mespa 
of giving due support to the book, until suoh time as I oonverse 
with him again in writing in my next article. 


* The title of the work Is "Biats on Honaeliald Art.” It is 
wan worth teading, as muoh may he leaned from Ik. Z think Mr. 
Xaatiefce right lu many views, yet wrong in othexa. I oannet help 
nguding him eomewhet u on q^osUe of u g liaeee , w he appeaxe to 
asa to dsspise SnUr end xefinsment. 
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CIVIL ENGINEERING.—IV. 

BT E. O. BABTHOLOUEW, O.B., II.8.B. 

BOADS-C&NALS. 

The brief allusion we made in a former obapter to the excellent 
roads constructed by the Bomaus will indicate to the reader 
the fact that these, the most useful of all engineering works, 
ore also amongst the earliest. No country can excel in oom- 
moroo or arts which is destitute of good roads; and in colonising 
a new territory those are, or should bo, the first points to which 
the engineer directs his attention; for without some mode of 
conveniently transporting the products of agriculture or of 
science from one locality to another, no country can flourish. 

It is true that imporisl Borne constructed her splendid high¬ 
ways rather with a view to the passage of her armies than to 
purposes of trade, but they were not the less available for more 
nsofnl purposes either then or at the present time. 

A grwd road is of use just in the proportion in which it 
permits of the heaviest loads traversing it in all weathers, with 
the least expenditure of power. Hence, the two main points to 
bo aimed at in the construction of a road are (1) that it shall 
bo luvel, and (2) that it shall have an even surface. 

Tlio first of these conditions can be attained only by a survey 
of the district threugh which the toad is intended to pass. The 
desirability of a road being horizontal is too obvious a point to , 
bo enlarged upon; at the same time, unnecessary labour in 
excavating liills and in raising causeways or embankments over 
valleys must be avoided. A very slight alteration or temporary 
deviation from the direction of the proposed route will often bo 
the moans of saving an immonso amount of labour and exi)ense, 
without materially increasing the distance, the longest road I 
being freijuuntly the shortest in ijoint of time. Wltore an 
extended chain of hills orosses the proposed route, it may 
become neocsnary to carry it over the ridge; but the gradient 
may be considerably diminished by cutting through the summit 
of the hill, and carrying the excavated soil into the a^oining 
valleys. Before deciding upon the exact point at which the 
ridge shall bo out, it wW bo desirable to examine the nature 
of the subsoil by frequent borings, as by this means rook may 
often be avoided. 

The duties of the civil engineer may be said to have ter¬ 
minated after ho has determined on the oonrso to be taken by 
the road, and calculated the extent of the cuttings and embank¬ 
ments requisito; but it is absolutely necessary that he shall be 
practically acquainted with the nature of its construction, to 
enable him to chock the operations of the contractor. 

In order that a road shall possess an even surface, it must be 
composed of materials which will not readily yield to the traffic 
it will be subjected to. Durability, in all weathers, must bo 
aimed at, and this is not always rotdily attainable. In a dry 
climate ilie difficulty is greatly diminished, but in so humid and 
changeable a climate os our own it is very much increasod, 
whilst the passagpo of horses and vehioles aggravates the mis¬ 
chief. Hence the question how to construct durable roads 
in our large towns is one which can soaroely be said even now 
to bo settled, seeing we are unable to pave the streets of oven 
our most crowded cities with square blocks of stone, accurately 
fitted, as did the Bomons. 

First, os to unpaveil roads:— 

It must always bo remembered that water, when not required, 
is the greatest enemy which the onginoor"has to contend with, 
and with roads it is no exception ; hence, no matter of what 
material the rood be oonstructed, it sbo^d bo so formed as 
readily to throw off the rainfall. A moderately flat ourve 
shonld be the figure given to the croBB-soation, the summit being 
in the centre of the road, and tomnnating at either side in a 
sunken channel to receive and carry off tl^ water, which is far 
more injnrions to the road when it is permitted to settle upon the 
snrface. It then gradnally soaks into the soil, rendering it soft 
and spongy, and the first vehicle which passes over it in this 
state prodnoes an indent in which more water collects, and thus 
the mischief increases. On ^is aoconnt too mneh care cannot 
be bestowed npou the drainage. 

The nature of the material employed in oonstmoting a road 
is of the first importance, but a difficalty frequently axises in 
procuring the most suitable kind of soil in the district which 
the rood is to traverse, and the haulage of which from a dis- 
tiujce may inv<dve an expondltaiu too great to be inoorred. 


Telford stands forward prominently ae a road engineer, ^e 
great road oonstruotod by him in 1816-17, from Oarlisle to 
Glasgow, may bo taken as on exoelleut example of a country 
rend. Its length is 93 miles; it is 34 feet wide between the 
fonoes; but the central portion only, for a width of 18 feet, 
is metalled —that is, laid with broken stones; the remaining 
portion on either side is gravelled. Its cost was X1,000 per 
mile. The advantage of metalling a road lies in this, that the 
traffic itself assists to oonsolidate and harden the bottom. The 
metalling should consist of granite, broken with the hammer, 
by whioh the least quantity of the block is pulverised, and the 
atones retain the sharpness of their edges and angles, thus 
facilitating their entrance into the soU. The broken stone is 
spread in a layer over a subsoil, prepared to receive it either by 
a rake or a pickaxe—the thioknosa of tbo layer being regulated 
aooording to the nature of the bottom—the furrowing by the 
piokaxo being rmiuiaito to give a hold to the metalling. A 
light sprinkling of gravel is oooasionally thrown over the 
metalling, which affords an easier footing for quadrupeds, and 
is in no way detrimental to the formation of the read. The 
procoaa of metalling by spreading broken stones over the 
Burfooo is called “macadamising,” after the name of the 
inventor. Macadam, and in tliis manner may be constmoted 
excellent country roads, suitablo, with proper attention, for all 
, ordinary traffic. The bottom nsualiy consists of broken stone 
or brick, rubble, burnt earth, busbos—anything, in fact, which 
by the action of moistnro will not form mud. 

The character of the subsoil has much to do with the dura¬ 
bility of a road. If it bo soft, broken granite, oven thickly 
strewn, will prove a useless because an unendurable surface. 
This was found to bo the caso on the road under tho Highgate 
Archway, where, owing to tho soft and yiolding nature of tho 
subsoil, tho only artificial surface which stood tho wear and 
tear of tho ordinary through traffic was a composition of gmvol 
and Bomon cement, in the proportion of 1 bushel of cement to 
8 bushels of washed gravel and sand—tho cost being about 2a. 
I>er square yard for a thicknoss of six inches. 

Many instances will occur in which tho ordinary macadam¬ 
ised road will prove of no value—for example, in building a 
road across a bog or morass. In this case the plan adopted 
originally by Metcalf, in tho last century, and subsequently by 
Stephenson, at Chat Moss, has been proved the most offioiont. 
Tho yiolding character of tho bog would entirely absorb any 
soil too'vvn directly upon it; but by employing a floating 
medium, such as fagots, brusliwoud, or furze, and extending the 
width of tho base oonsidurably beyond what is required for the 
purposes of traffic, tho soil may be mode to rest upon the 
floating platform, and tho road thus formed will efficiently 
bear up tee weight of passing traffic. 

A macadamised road is orcomporativoly little use in a busy 
town. A through trafflo is not nearly so injurious to a rood as 
a traffic in whioh vehicles ore often turning—-tee pivot-wheel 
acting as a scoop, and producing an abrasion of the surfaeo. 

Tho oharacter of tee surfaeo of a road has, as may bo sup¬ 
posed, muuh to do with tee amount of friction existing in 
wheeled traffic. On a gravolled road tho friction is 4'5; on an 
old flint road it is 2'0; a woU-modo pavement being reckoned 
as I'O—^facta which at onco settle the question of the desir¬ 
ability of umintaining a good su-'faco on a rood. 

It is an interesting fact, in q^inncction with onr subject, that 
tho injury done to an ordinary macadamised road by four 
horses is three times as groat as that done by fonr coach- 
wheels, but this proportion is considerably iuoreased when tho 
wheels are brood as in wagons. The foot that horses ore so 
injurious to tee surface of roads led to tee effort, made many 
years since by Mr. Qumoy, to introduoe steam-power npon 
common roads in lieu of horses. 

No ordinary macadamised road will withstand the traffic of 
tho streets of large towns without the most oontmuous atten¬ 
tion, and a oonsoquently largo outlay. The more usual mode 
of meeting the difficulty is by a regular paving of atone, of 
wluch there are two kinds—the rubble and tee ashler. , A 
Bubble is in reality on imperfectly oonstructed ashler pave¬ 
ment. Tho ashler causeway consists of hammer-dressed granite 
stonoB, from five to seven inches thick, eight to twelve inches 
long, and twelve inches deep. These stones ore hud in regular 
order npon a foundation oensisting of cement, sand, and gravel, 
which is allowed to set firm, the surface of this bottom being 
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adjusted by suitable tools to the ooire which the oross-seotion manioation whidi, whOet extending orer the interior of a 
of the finished rood is intended to assame. After the sarfaoe- country, is at the same time connected more or less direct^ 
stones are arranged upon this bed, they are “ set ” by a with the great highway of rnttions, the sea, are obrioos. Bnt 
oopions discharge of thinly-mixed mortar being thrown over there arc other and equally apparent advantages in connection 
them, which settles down into the iutorstioes between the with water transit, advantages which are, however, paortioularly 
stones and fixes thorn. The cost of a well-constructed ashler applicable to heavy goods. F.or instance, the tractive power 
road varies .from 7a. to 10a. pet snperfioial yard. As compared of a wngon-horse upon a good road may bo reckoned at 140 ^ 

with a macadamised rqad this is, of course, a high figure; but kilogrammes, whilst a mu/le man is capable of drawing a load 
the difference is only in the first cost, and ^sappears when the | 350 times as great when floating upon water. Friction, in fact, 
item of maintenance is considered. is reduced almost to nil when the load is floating, providing 

In some instances a still mure expensive kind of rood is con- the speed is inconsiderable; indeed, tlio limit of weight to 
structed to meet special cases, as, for instance, the exceptionally which a man is thus capable of imparting motion is not easily 
heavy traffic between the Docks and the City of London, or* over ascertained, but it appears to be bounded only by the vis 
Loudon Bridge, in which continuous lines of large granite blocks | inertia of the mass. The advantages, therefore, of canals as 
ore laid end to end, with flush joints, thus forming a level stone | moans of transport are evident, and vast sums of money have 
tramway in the wheel-tracks. The blocks vary, from feet | boon oxpouded upon their construction in this and other 
to 10 foot long, aro 18 inches wide, and 12 inches deep. Such | countries. ■ There are, however, serious difficulties in the forma- 
a tramway so far reduces friction os to enable a single horse to tion of a canal, requiring considorablo talent and forethought 
draw a load exceeding ten tons at a rato of nearly four miles on the part of the engineer to overcome, 
an hour, an advantage so obvious that, after the success of the The first point for consideration is whence to obtain the 
experiment had boon proved, it was proposed to lay a roadway necessary water-supply. If the course of the canal wore one 
of the same description between London, Liverpool, and Holy- continuous level throughout, communicating at either extremity 
head, upon which steam carriages might run. The idea was, with some large reservoir retaining a uniform level, there would 
however, rejected, as it was proved that, with nil the care which bo no farther supply required than what 'was demanded by 
could be bestowed upon such a rood, the friction was stil^ evaporation, or absorption by the soil; but if the surface to bo 
vastly in excess of that upon a smooth iron rail. traversed is irregular, the uitroduction of locks becomes neces- 

A rubble pavement is one in which loss care is bestowed sary, and every barge which passes through a look creates a 
upon the shaping and dressing of the stones; hence there is demand upon the water supplied from the higher ground. The 
less uniformity in their arrangement, and consequently wider expense of employing pumps to return tlio water back to the 
interstices between them. * | higher level could not for a moment bo entertained, except as 

The maintenance of a romlway is an imporatnt item of ox- an expedient during a hmitud period in dry weather; it is 
pense. Wo have stated that a good ashler road costs much imperative, therefore, that an adequate supply of water should 
less to keep it in repair than a macadamised road, the main- exist to provide for the loss arising from the empl^ng of the 
tenance of too latter costing about 2s. lid. per superficial yard locks; and the highest level of the canal should be so arranged 
per annmn ; but os macada^nisod roads cannot bo entirely die- as that it should receive at all times an equable and adequate 
pensed with, it is important to ascertain the best and the most supply of water from that source. 

economical method of keeping them in repair. The tendency Next in importance to the water-Bnpply is the consideratiou 
of traffio is to wear down the surface from an erect curve to a of the course to bo traversed by tbe canal. The commoroial 
level, or oven to an inverted oroh—the principal traffic being advantages arising from the contiguity of the canal to large 
naturally confined to the centre of the road. This change of towns must enter largely into the caiculations of the engineer 
figure must bo pievontod, in order to keep up the lateral drain- in his determination of this point; bnt above all ho must be 
ago; the application of broken stone to uU low ports must, guided by a consideration of tho nature of the surface and sub- 
thereforo, never bo neglected. Tho aecnmnlation of mud soil. If the eubsoil bo porous, consisting of sand or gravel, an 
mnst also bo carefully avoided. A scraper is usually employed undue loss of water will arise from absorption, to prevent 
for tho latter object, but this implement is, without a donbt, whiob a large outlay must bo incurred in puddling tbe channel 
the greatest enemy an ordinary road possesses. Even with tho with clay; for this reason an absorbent soil should be avoided 
use of Bourne's Mnlti-donlal Scraper it is impossiblo to jiro- if possible. A matter of equal importance is tho character of 
vent the tooth from catching tho projecting points of stone, the surface; every effort must bo made by tho engineer to 
the result of which is that tho stone is dragged out of its bed, ' prevent unnecessary excavation, and at the sumo time to limit 
and a hole is formed. Nor does tho mischief end there, for tho as far as possible tho number of locks, thoso expensive and 
anrrouuding stones, which wore previously firmly wedged, ho- inconvenient but indispensable adjuncts to a canal, a further 
come loose, anil tho solidity of the surfifco is impaired. Tho consideration of which w© shall reserve for our next chapter, 
broom is the only tool that should bo employed to remove loose Tho engineer is much more restricted in his actions in pre- 
mud from the surface, and tliis, if frequently applied before paring the plans for a canal than he is in laying out a toad, or 
any largo aocnmulatiou of soil has arisen, will always prove oven a railway, because any deviation from an absolute level is 
sufficient for the puriKwe; for, besides doing its work with less inadmissible without tlio introduction of a look. It is usual to 
injury to the road, it docs it better than the scraper, entering lay oat a canal in sections, the siiaco iutorvouing between lock 
more soarchingly into the inequalities of tho surface. and look—and which therefore occupies tho same level—being 

It must be Emitted that aiy ashler road, however excellent, regarded as a section. Tho object of tho engineer is, therefore, 
is productive of groat noise, and an uneasy vibration to tho to make each section as long as possible, and as ilirect as the 
occupants of vehicles passing over it. For this reason, wooden nature of tho grouncf will admit. It is, of coarse, imiioHsible to 
blocks have, in several iustaucos, boon employed instead of maintain one uniform level throughout; but by judiciously avail- 
stone ; and if this description of pavement could bo made as ing himself of the side of a hill, winding round its side, and 
durable, it has manifest advantages over tho granite-paved selecting a short valley intervening between one hill and an^or, 
BUifaoo. It is almost noiseless—^too much so, indeed, for tho and spanning it by an aqueduct, and again skirting the side of 
safety of pedestrians—and the absenoo of jolting from stone to another hill, and so on, the number of lis-ka moy bo greatly to- 
atone, combined with thu yielding ohoraotor of tho smffaco, is duoed. An apt Qlnstration of tho skill displayed by the engfineer 
productive of much loss injury to the hoofs of tho animals and in the selection of the ground may be quoted in the case of the 
to the springs of tho carriages. An attempt has been made to Monmouthshire Canal, which traverses very difficult growd, 
render the surface of the wood more durable by studding it but which, winding round the side of tho Blorengo at the height 
thickly with largo-hoadod nails, bnt this coarse has not been of several hundred foot above tho valley of Criokhowell, enters 
enocessful. Euapp's pavement consists of hollow iron blooka, the upper end of the valley in its oourse towards Brecon upon 
divided into small oomportruonts, filled with concrete to a level one continuous level throughout. 

with the surface. Four of those blooka make one equoro yard. In other instances— for example, tho Boohdale Canal between 
Aephalto has boon recently employed in some of the bnsiest of Boohdale and Todmorden—the character of the ground nooee- 
ihe London thoronghfaree. It forms on excellent eurfaoe, and sitates the use of looks at very short intervals, involving a vast ^ 
on agreeable road, bnt its durability remains to be proved. outlay in the first instance, and a great impediment to naviga- | 
Oa/nais .—Tbe advantages arising from a eystem of com- tion in the eeoond. 
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TECHNICAL DRAWING.—XX. 

SBAwnra bob uachihists and ekqineebb. 

nuu-HAND DBAWiNa (ecmtinued). 

Fia. 209 is » •ket(di of a oommon padlock, vhioh. aiCorda a good 
Bobjeot for fhe praotioe of balaDoing onrreB. 

&Ting diawit a central perpendicular, and a horizontal lino 
oroBsing it, aet off the widths a b and a c ; then, having deter¬ 
mined on ^e distance A d, draw the curve on the left side—viz., 
B D — and balance it bj the curve c d. 

Observe that these enrvea mnet not form a point at s, bat 
unat merge amoothljr into each other. 


Fig. 210 showa the key of this padlocik. 

Having drawn a central line, and another at right onglea 
to it, draw the rectangle A B c D. Set off x, B, 0, H, and '^ns 
eight points will be obtained, through which the ^^oal head 
of the key is to be drawn. 

It mnst, however, be nnderstood, that this sqnaring ont cS 
curved forms is merely intended to assist the student in the 
most elementary stage, and most be disoontinned as soon as 
possible. 

The barrel and remaining portions of the key are now to be 
drawn, and will easily be understood from the copy. 

Fig. 211 represents a small iron cramp. 


! 



Now draw a horizontal lino at x, and mark on it, on each side I 
of the central line, a distaaoe corresponding with £ o. I 

Frodnoe this line, and oontinne the curve beyond d until it ! 
meets the straight line in f. The length from a to f and from 
B to F will then be equal, and thus a circle drawn from f, with 
the radios r a, would also inolnde b. 

Now to draw droles by hand is, to almost all fiersons, a 
rathw diffloolt task, bnt it may be rendered loss so by drawing 
lines from the centra, and marking off on them the radius re¬ 
quired, as shown at V B. The onrve may then be traced through 
the points thus obtained. The segments of ciroles on each side, 
then, having been drawn, sad also the smaller oirale representing 
the rivet, draw the upper portion of the padlock, the centre 
being at o; and in tUa, too. the method diown above may be 
adopted. The keyhole, sad piste snrronnding it, can, it is 
hoped, be drawn vrithout further instructions. 


_ Draw the perpendionlar A, the horizontal b, and the perpen¬ 
dicular a’, at the required distance from A. 

Now draw the horizontals o D, bp, oh, and I J, the ex¬ 
tremity of IJ being carried upward in a curve to E. Join c B 
and o K. From L set off i. n, equal to £ D, and also from L set 
off I. n, equal to l p, and draw Ihe semioiroles dks and p k a, 
which will complete this xmrtion of the object. 

Having drawn the handle of '.the thumbscrew in the manner 
shown in the callipers and padldek, draw the perpendiculars for 
the inner and enter angles of ute threod^of the screw. The 
method of drawing a screw in me simplest manner has been 
shown in Fig. 205. In the preeenustady, however, the lines are 
to be drawn by hand instead of by^e aid of the ^e. 

No farther cepazate etndies of freAhand drawing will be given, 
as it is intended that the student shtald copy the rough sketches 
sad as many o< the mechanical studies by hand as he can. 
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iixcHAmCAL DBAWINS (eonimued). Tents the wheel from leoeding, whilst the cliok ia moTisK over 

Fiff. 212.—The Bnbjeot of this leeBon is a rmehet-wheel. This the teeth, 
is a ooctriTanco ooneieting of a wheel, with pine or teeth of a The first stop in drawing this figure is to trace the tiro oiroles 
snitablo form, which receires an intermittent oironlar motion between which the teeth are to bo contained, 
from some yibrating piece. In this drawing, a is the raohet- These should be very lightly drawn, as no portion of rithmr 



wheel, furnished with saw-like teeth. The drirer is a cUeh ' 
or pauZ, A, jointed at one end to a morable arm, b, which has | 
a Tibisting motion on the shaft c as a oentre. As b moves j 
towards the left hand it pushes tho wheel before it trough a j 
eertsin spooe, and on its return the cliok. A, slides over the , 
points of the teeth, and is ready again to push the wheel 
through the some space as before, being pressed against the 
teeth either by a spring or its own weight. A detent, d, pre- 


mrolo is to be used in tho drawing; but they are required to 
ensure uniformity in the teeth. 

Now, divide tho outer oirele into the number of ports re¬ 
quired for the teeth. There is no special reason why the outer 
oirole should be divided rather than the inner; it is merely that 
errors in division are more readily seed in large than in small 
oiroles. Where numerous divirions are required, some draughts¬ 
men draw a oirole outride the one to be divided, and ol a much 
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Iw^ zadiiu; on this they let oS the required diriaioiiB, and 
from them draw lines to the centre; these Ibies passing throogh 
the original circle, divide it withoat fraying the paper or oth^ 
wise injnring the clearness of work. 

li>e outer oirole then being divided, draw lines to the oentre; 
it will not be necessary to draw these radii the whole of the 
distance, bnt only between the two circles, to form the faces of 
the teeth, as shown at r o, h i, etc. 

Join the outer end of each line to the inner end of the next, 
as B a, y I, etc. These lines will form the backs of the teeth. 

We now proceed to the arm, and fur this the centre line must 
be drawn. Now it is necessary that, in copying a drawing, tho 
exact inclination of snoli an arm or other part should bo aeon* 
rately given. To acoomplish this, draw tlte diameter k n, 
measure from l on tho oircniufercnce of the circle the length of 
tho arc L H, and draw a lino from the oentre c through m. 

Then construct on your drawing an angle similar to n c m, 
and the linn c u will give tho iurliziation required. This metliod 
can bo applied without rofcreuco to size, for it will bo remem¬ 
bered that tho number of dogrooa an angle contains is not 
altered by tho length of tho linos of which it is formed. 

Having then drawn tho line C M, sot off on it tho oentre of 
the oliok, and complete the arm, setting off tho widths on the 
circles at top and bottom. The straight sides are to be joined 
> the circles by small arcs, or by curves drawn by hand. 

The centres for the oliok and detent, and. those from which 
nr inner and outer curves are etruok, ore to be found in the 
.no way. 

It will be seen that, owing to the form of teeth shown in this 
•nre, tho wheel can only bo driven in one direction; but in 
aebines for cutting metal it is frequently nooossary that it 
culd work either one way or tlio other. Sir Joseph Whit- 
trth adopts in euoh coses the oonstruetion shown in Fig. 213, 
tied Clement’s catch. 

Here the raohot-whool has teeth, the ends of which ore 
uided by tho circle, and the flanks of \/hioh are portions of 
radii, whilst tho oUck is so formed that it will either work 
hewn in the example, or may bo turned over to act in the 
zosite direction. 

In drawing this figure, describe the ciroles for tho inner and 
outer ends uf tho teeth; divide tho outer oirole into the re¬ 
quired number of equal parts, tho teeth and spaces being equal; 
draw the sides of tho teeth by linos from the points of division 
to the oentre, and join those lines which are to form teeth on 
tho outer oirole, and snob as are to form spaces on the inner 
oirole. 

The oliok is now to bo drawn. Having fixed tho centre, F, 
draw tho lino b c, which is rotlial to tho oirole. 

Bisect B C in i>, and tho bisecting lino i> f will be tho central 
line for tho oliok; tho contres for tho aros forming tho sides aro 
shown at b and s'; 

Fig. 214 is a portion of tlio frame of a pamp, and is hero in¬ 
troduced 08 a study in joining ciroles, tlio whole of the external 
form being described by portions of throe circles touching each 
other. 

Having drawn tho base-line and porpendionlar, b, mark on it 
the point A, and through it draw tho horizontal c D. 

With radius a e, doscribo a semicircle. 

From B sot off B F. 

From F, with radius f a, describe tho arc a h. 

^Vom P draw a lino through o, entting the lino on in i. 

■ From I, with radius i J, doscribo an arc, joining the scmicirolo 
to the ore ket drawn. The tost of tlio drawing being obvious, 
it is hoped that, after tliie fundamentoJ construction has boon 
oorreotly done, the remaining portion will be accomplished 
without farther inetruotions. 


COLOUR—VI. 

By Frofestor Chuscb, Boyol Agrionltural College, Cirencester. 
COLOUBH VVlTBt WHITE, OBW, AKD BLACK—OCTJLAB XOSIFI- 
CATIOBS OF OOLOBB—PEltSiaTXBca OF OOLOUB-IUPKES- 

aioNS—iBAAmAnoFr— SBByBorrvB cowv bb—coktact 

I AHD BU'AKATIOK OF COLOBBa. 

‘ Wa have seen, is the last lessoa, that there ure two Idads of 
^ ” <**ifr* *h—the contrast produced by diffteenoe vt tone and tiie 
* OonhtMh,.produced by difforenoo of colour. We have also seen 


that these contrasts are prodnoed under sevoral conditions, and 
that they aro modified through the mode in which they are per¬ 
ceived by the eye and impressed upon the mind. No sooner, In 
fact, are two ooloors so placed as to be seen at the same time 
or in qniok succession, th^ they ore apparently changed. The 
change may be one of tone only, of oolonr only, or of both tone 
and colour. Nor is it necessary, in such experiments, that two 
colours should be used: we may employ two tones of tho same 
oolonr or a single tone of oolonr with white, grey, or blaok. We 
have aboady studied the apparent obanges which tho primoiy 
abd seooudary colours mntnally cansc when planed in oontignity, 
and BO may now proceed to state what modifying influences 
white, grey, and blaok respootiTely produce upon the most im- 
Iiortant colours (see Figs. IX., X., and Xl. in coloured plate)^ 

1. Yellow.— Fclloio with vAite is rendered darker, less 
luminons, and less prominent, and acquires a faint gp'eeniah 
hue. Thu lighter the tone of the yellow, the less pleasing is the 
combination. 

Yellow witli grey is rendered darker, less luminous, and per¬ 
haps a trifle more orange. When the grey is of about the same 
iuieiiHity or tone as the yellow, the combination is not satis¬ 
factory ; but it becomes so when tho grey is rather deep, tho 
yellow then recovering brightness. 

Yellow with hlaclc is rendered lighter or paler, more Inminons, 
tnd more prominent’, Tho combination affords the most intense 
contrast next to that of white with black. Ibo blackness of 
the block acquires a somewhat bluish-violet hue, whioh has a 
tendency to enrich it. 

2. OuANaE.— Oi‘(i7igf with white is rendered darker, and 
perhaps a trifle more reddish. The contrast between orange 
and white is much greater than that between yellow and white, 
and tho combination is consequently more effective. 

Oravyc with grey, when the latter is polo, is darkened and 
reddened. With deep times of grey, orange becomes more 
luminous. 

Orange with block becomes more luminous and yellower; the 
contrast is next in intensity to that afforded by yellow with 
block. 

3. Bed. — Bed with white becomes more intense and of a 
deeper tone. The combination, os to intensity of contrast, is 
similar to that of green with white; being less decided than that 
of blue and violet with white, but more so than that of yellow 
and orange with white. 

Bed with grey, where tho latter is pale, boeomes more intense, 
deejier, and occasionally acquires a slight blnish hue. 

Red with black bcoomes more luminons and.slightly yellower. 

4. Violet. — Violet with white affords a contrast of very 
decided olmractcr, owing to the great difference of tone between 
a ftdl violet and white. The violet is rendered deeper in tone 
in this combination. 

Violet with grmj, —Tho distinctive colour of the violet makes 
itself felt in tills combination, whioh is a quiet and agreeable 
one. 

Violet with hlaclt affords an instanoe of the harmony of analogy 
rather than of contrast. The violet is enriched by its proximity 
with black; but tho latter thereby acquires a rusty hue, whioh 
takes away from its richness. 

5. Blue. - -Blue with white oonstitatos a pleasing combination. 
The contrast is vory decided wliere the tone of blue is deep. 
Tho effect of white clouds in deepening the tone of tho sky 
is a good example of one of tho chief charaoteristios of this 
combination. 

Blue with grey. —Grey enhances the tone and quality of bine, 
deepening it to a remarkable extent under certain mionm- 
stanoos. 

Blue with hlark. —^This combination resembles that of violet 
and black, but is loss agreeable, especially where the bine is of 
a deep tone, light shades of blue are rendered paler and more 
inminons by contiguity with block. 

6. Obebn. — Green with white becomes more intoi|se and of a 
deeper time j green ie distinctly improved by the presence of 
white. 

Green with grey becomes deeper in tone. 

Green with block is rendered rathmr lifter in tone, and more 
brilliant; but tho blade anffws in i^ty, and becomes slightly 
tinged with a mdd^ hue—the result of ^ding to the blaok, rod, 
the complementary ookmr of the neighbonring green. 

From wha^ has been eaid in the preceding paragraphs, it will 
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have been Been that the effect of white npon a ookmr is to en> 
ha^e its qtuUity and deepen ite tone; for white, presentintr 
the maxixnam of Ituninoeii^ iteolf, naturally lowers the apparent 
lununoBity of ooloored eorface in contact with it. (We employ 
the term luminonty here in its common acceptation, not in its 
Boientifio sense as prerionsly explained in liosson 1.) Bat the 
white is capable of enhonoing ttie quality of a colour for a 
different reason (explained already when speaking of “ Simulta¬ 
neous Contrasts”). In virtue of this principle, the white, in 
contiguity with a colour, has a tendency to become tinctured 
with the complementary of that colour j tho presence of this 
traoe of tho complementary colour enhances tho quality of the 
original colour itself, in obedience to the law of contrast: the 
same effect is observed, also, with grey and block whan placed 
in oon^guity with colours. 

This remarkable law of contrast, of which wo are now 
speaking, may, indeed, in its widest terms and most general 
application, be summed up in the statement that two differing 
colours or differing tocos tend, when placed together, to differ 
still more. Light tones and colours booome lighter, dark tones 
darker, oomplemontary colours are mutually onhanued in distinct¬ 
ness ; and where a colour is present without its eomplemontory, 
that oomplomontary is, as it wore, evolved, owing to extra 
sensibility of tho eye for those colours which are not presented 
to it when it has boon excited and fatigued by those at which 
it has boon gazing. Before studying the more complex combina¬ 
tions of colonrs and their applications in tho arts, it will bo expe¬ 
dient to develop a little more fully some of those principles on 
which the “subjective” or “ocular” modifioationa of colours 
depend. To such phenomena wo have jusf now, as well as on 
former occasions, briefly alluded; but we are now in a position 
to extend and amplify our previous observations. 

The subjective modifioations which colours suffer arise from 
at least throe causes. 

f^st of all, we have the persistence of the impression on 
tho retina of the eye.* Ibe discharge of a Leyden jar 
gives a spark which is sensibly iustantaueons, and yet tho 
impression which it makes upon tho eye endures a distinct 
fraction of a second. The spokes of a rapidly-revolving wheel 
are seen witli perfect distinotness and perfectly separate if it bo 
illuminated by an electric spark, although in an ordinary light 
they may present a shadowy surface, where all tho elements of 
tho wheel are blended together. Yet the apparent solidity of 
this sarface may be proved to be nnreal by its approximative 
transparency to objects placed on tho further side of it. Those 
objects, if properly lighted, can bo readily perceived through 
the shadowy Barfao«r previously desoribod. Similarly with a 
series of, flashes of ele^ric sparks; if these follow ouo another 
at intervals less than the period during which the impression 
of each spark remains upon tlio retina, the resultant effect will 
be that of a continuous light. A familiar example of this 
porsistenoo of impressions upon tho retina is to ho found in the 
ozporiinont of rapidly whirling a glowing stick or piece of red- 
hot charcoal; a continnons circle of light being produced under 
these circumstances, if the rotation be suflioiontly rapid. Now 
tho effect of this peculiarity of the optical arraugcimcnts of the 
human eye is very marked in tho ease of colours; but it does 
not take place oxaetly in tho direction in which we might expect 
it. It would be imagined that if on* of the eyes has been looking 
at a yellow disc or other yellow oUuct it would perceive, when 
direotod upon a blue object, a mmnre of yellow and blue, or 
a colour lying between them. However, under such cironm- 
stances tho blue object, so far from acquiring a greenish tinge, 

, becomes rather tinctured with a violet hue. This effect is really 
one of subjective colour, as well as of persistent vision; for 
the eye having seen a yellow object is partially blinded or 
paralysed, so far as that component of white is oonoemod; 
acquiring, on the other hand, greater sensitiveness to the per¬ 
ception of the eomplemontory of yellow—^that is, violet. White 
Bt^aoes, or even oolonred surfaces, which, of course, reflect 
mnoh wUte light, will then have their violet or red and bine 
oonstitnents brought into unnsnsl prominence by the previous 
peroeption of yellow, and will be consequently tinctured with 
violet. As it is diffioolt to carry out mentally, from this prin- 

* ramtiatioiM of the ramorfcable effeoU produoed by peaistenoa of 
viedoa, and the imitation of this natnnl effect by variona stieutiSc 
toyo, win be tonnd in that portion of “Becreative Sdenoe" which 
oppaan in YoL TL of Tax torvtAa, Bnucxion. 


oiple, the whole Bcheine of olterationa of colour effected by the 
peonliar kind of contrast just described, we shall here give a 
list of the principal colours as modified by the provions i>er- 
ooption of others. Before doing so, it may be advisable to ^ve 
onr readers a method of proving for ^emsolves that anob 
modifioations really occur. 

Close tile right eye, and then look steadily with tho left at a 
sheet of red paper. Wlion the red paper appears dull, owing 
to the special sort of fatigue it induces in tho eye, look im¬ 
mediately, still with the Mt eye, upon a sheet of violet paper. 
The violet paper receiving tho complementary of red—namely, 
green—becomes much bluer. To verify this observation it is 
only necessary, after having closed the left eye, to open tho 
right, and to look with it upon the sheet of violet pajicr. The 
violot will be perceived very differently now, and so far from 
being bluer Uian in reality, may actually appear modified in the 
contrary direction—becoming more red, instead of more blue. 
To be performed with successful and distinct results, such 
experiments as these require great care and frequent repetition. 
Moreover, different individuals have very different powers of 
appreciating colours and of recording their impressions. One 
eye, also, will often be found to differ from its fellow in many 
important particulars. Notwithstanding the delicacy and diffi¬ 
culty which may be experienced in determining the special 
(olations of contrast (often called “mixed contrast”) now under 
oonsideration, they are of oonsiderable importance in the prootioe 
of some kinds of decorative art. 

We now give our list of tho modifioations induced by mixed 
contrasts of colour. 


If the eye haejirel eeen 

and then looUe at 

the latter colour will ap 

Yellow, 

orange. 

red disb-orange. 

Yellow, 

red, 

reddish-violet. 

Yellow, 

violot. 

bluish-violet. 

Yellow, 

blue, 

violet-blue. 

Yellow, 

green. 

bluish-green. 

Ontnge, 

yellow. 

graeoisb.yollew. 

Orange, 

red. 

reddish-violet. 

Orange, 

violet. 

bluish-violet. 

Orange, 

blue. 

tinged with violet. 

Orange, 

gieen. 

bluish-green. 

Bed, 

Bed, 

yellow. 

greenish-yellow. 

orange, 

yellow. 

Bed, 

violet. 

iudigo-blue. 

Bed, 

blue. 

greenish-blue. 

Bod, 

green. 

bloisb-groen. 

Violet, 

yellow. 

sb'gbtly grooniah. 

Violot, 

orange. 

yollowish-orauge. 

Violot, 

red. 

orango-red. 

Violeti 

bliui. 

greeuisb-blue. 

Violot, 

green. 

yellowish-green, 

Blue, 

yellow. 

orange-yellow. 

Blue, 

orange. 

yellower. 

Blue, 

red. 

orange-red. 

Blue, 

violet. 

reddish-violet. 

Blue, 

green. 

yellowish-green. 

Oreen, 

yellow. 

oningo-yelluw. 

Qreen, 

orange. 

reddish-orange. 

Green, 

red. 

tinged with violet. 

Green, 

violet. 

reddish-violet. 

Qiueu, 

blue. 

violet-blue. 


It must not be forgotten tliat tho above modifications of colour, 
arising from mixed oontrast, differ not only in intensity, but in 
persistence. The modification produced by the sucoessivo view 
of violet and yellow is stronger and more persistent than that 
prodnood by tho snooessive view of bine and orange; green ia 
but slightly modified, and for a brief space of time only, by tiie 
previous view of red, and so on. And tho above-described effeota 
of oontrast are influenced, to a groat degree, by the difference 
of tone between the colours successively observed. A dark blue 
viewed after orange may actually appear somewhat greenish, 
when the normal modification would be preoiaoly in the opposite 
direction—that is, towards violet; yet this change occurs moat 
oonspiottonaly when tho blue is of not too fnll a tone. Among 
the moat important oases, oonstantly oconrring in oommon life 
or ortiatio praotioe, of modifications of colonrs arising from per- 
aistenoe of the impressionB made on the retina, we may cite the 
difflonUy experienced by painters, from gating too long at any 
bright oolonred object, natural or artificial, of repBoducing or 
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matcMnr iU tone and hne. Again, we may allude to the well- 
known inetanco of the pncohaier of oolonred fabrioe. If a aertee 
of bright yellow fabrica be diaplayed, and then aome pieoea of 
orange or red atuS, thSa latter ia regarded aa doll, and to have 
a orimaon or even a violet tinge. Under auoh oirenmatanoee, 
the retina, fatigued by the eight of yellow, haa a tendency to 
appreciate and perceive violet, ita complementary, more die- 
t^ctly. Thna much of the yellow in idle orange ytnff ia anp- 
proaeod, and it appears rodder than it really ia; rod similarly 
acquires a violet tinge. Doubtioaa much of the wearinoas 
expeiienoed by a long examination of the piotores in an exhibition 
ef mo^n works of art is due to eye-fatigue, and the conaequont 
ooular modifioationa of colour. 

The second aabjentive or ocular cause of apparent changes in 
'ttie oolonra of objoota is duo to a defect of the organ of vision. 
The eye aufiera from what in optical language is termed “aphoti- 
ool aberration”—a soattored light, ef varying degrees of in¬ 
tensity, always aurronnding the defined images of Inminous 
and strongly illuminated objoote upon tho retina. The result 
of this nebulous border about snob images is to increaso their 
apparent size; but it ia nearly always imporoeptiblo under the 
or^nory conditions of moderate illumination. When, however, 
we look at incandescent or glowing and lumlnons bodies, tho 
eSoet is very striking. A pieoe of ohareoal no thicker than 
one's finger, if lighted at one end and plunged in oxygen, appears,, 
oetually to swell os tho oombustion booomes more ^intense and 
the light brighter. A spiral of plaUnnm wiro heated to white¬ 
ness by a galvonie current not only has its diameter, so far as 
the wire itself is ooncomod, euormonsly iueieased, bnt the 
separate turns of the spiral seem to approach and even to 
ooidosoo, if not originally too distant. The crescent of the 
moon appears, for tho samo reason, to belong to a mneh larger 
sphere than the dimmer mass of the satellite which it clasps. 
Mneh of the poouUar indofliiitaneas and mystery whioh impart 
considerable beauty to flames of different kinds, to strongly 
ilhuninatod olouds and surfaces of water, and to tho intense 
refieeted lights of metollie ornaments, is duo, in part at least, 
to irradiation, which, moreover, is one of the chief oansee by 
which ooloncod margins ore so frequently observed to surround 
oolonred objects. A rim of groonish light may bo observed 
round a red wafer placed on white paper, owing to tho extension 
of tho imago of tho red wafer beyond its geomotricol imago on 
tho retina of the oyo. Of course the rim is green, owing to tlie 
offect of simultaneous oontrast. With a puro yollow, suoh os 
that of tho spectrum, or that made by mixing green and red 
lights together, the rim of irradiate colour would be blue. This 
effect is roughly shown in Fig. III. of onr coloured plate. 

Tho third ocular cause of the modification of ooloor has been 
already dwelt upon at some length, and in different plaoos, in the 
present series of lessons: it is tho production of subjective 
complomentaTy colours. We may just ^ude to tho phenomenon 
here, in order that this most important and fundimental fact 
may be thoroughly impressed upon tho minds of our readers. 
Simply stated, the oanaa of the phenomenon may bo traced to 
the impaired sensibility to light temporarily caused by tho 
action of light upon the optio nerve. Not only is this true of 
white light, bnt of light of every colour. Not only doos a 
modoratoly lighted room appear dork when we first enter it 
from brood sunshiiio, but, as we have before stated, tho last 
pieoo of yellow or red cloth wo look at will seem dnllor than tho 
first, though they have all boon out froA tho same roll. When 
light of any particular oolonr falls upon tho eye, it booomes less 
sensitivo to, and less approoiativeot, that colour; it is partially 
bUndod to its perception. So, not only will a ri^ wafer placed 
upon a sheet at white paper bo sorroanded by a rim of oolonr 
through irradiation, bnt that rim will be green; and if the 
wafer be moved away, a green spot will ooonpy ita former 
position. For the eye, by gazing at the rod wafer, has hod its 
senslbiUty to red light temporarily impaired, and so the white 
light received on that particular spot of the retina previously 
ooonpied by the red tinge of the iraiat will have its red oon- 
stituont virtually remov^, and will produce the effect of the 
ze^ual rays—^namdy, a green image, the complementary of 
the previous re^ one. Serend other ooatrivanooa for ptodumng 
snbjeetive complementary oolouH hare been devised. One 
the meet satisfaetoxy of these is to view a s'nrfaoe of white, 
■ttty, vt Mloured paper, moderately illuminated, through ui 
epwtare in another sheet of paper of a difiCsrent ooloor, md 


plaoed at a little distanoe above or before it. The lower surfaoe, 
as seen through the aperture, will be tinged with the oomple- 
mentary of the oolonr^ eurfaoo above. So, also, the shadow iff 
an object interposed in a beam of oolonred light will, if received 
on a screen sli^tly illuminated with white light, appear to have 
assumed the colour oomplemontary to that of the beam; and, 
for the same reason, a beam of daylight finding its way into a 
room illuminated with yellowish light from aandts-flames, will 
appear violet. The importance of this fact, as regards the 
proper treatment of shadows in painting, will havo to be insisted 
on and iUostrated further on in tho present course. 

We have now studied tho mntu^ effects of many pairs of 
colours, the offeots of white, gray, and blaok upon single odours, 
and the effect on a second colour of the previous i>eroeption of 
another. We have then passed to the oauscs, dependent upon 
tho structure of the human eye, whioh modify tho natural ap¬ 
pearance of oolonred objects. We may fitly close this lesson 
with a few remarks on tho uses which may be mode of some of 
the foots and laws which have just been stated, confining our 
attention at present, however, to those effects of tho apposition 
and separation of coloured spaoos whioh are illustrated in our 
oolonred plate. 

We have before stated that the yellow is the most fordblo, 
luminous, and prominent of the primary colours. It will appear 
nearer te the eye than either rod or blue. In Fig. IV. (oolonred 
plate) a yellow leaf pattern is represented upon a ground par¬ 
tially rod and partially blue. While there is no donbt of tho 
prominence of the yellow, it will probably bo allowed that the 
red ground appears nearer than tho blue; and if tho blue had 
been of a purer and 'fuller tone still, the retiring effect which it 
possesses would have been still more perceptible. How far the 
retiring effect of blue is duo to association or fancy, to our 
constant view of the sky and tho hazy distance of a landscape, 
it is difficult to determine. Bnt there con be no doubt that we 
are obliged, in decorative and pictorial art, to recognise the 
idea of distance conveyed by blue and blnish hues, and that 
aaoh colours afford means of attaining offeots of mystery, 
obscurity, hollowness, etc., which other hues do not famish. 
Another association with tho colour blue is that of coolness, just 
as red reoalls the glowing warmtli of a fire, and yellow the 
bright shining of the sun. Another feature of our diagram 
(Fig. IV.) ia -^e distinotnoss of tho sensation imparted by tho 
throe oolonra, yollow, rod, and blue. If the red approaches the 
yollow rather more closely than tlie latter doos the blue, it arises 
from the impossibility of representing by actual pigments these 
three colours. 

Figs. V. and VI. teaoh another fact relatftg to oolonred spaoes 
in oontaot. Ofton when we attempt to mix oolonra, onr inixture 
is anything but sacoesaful. Tho difficulty of getting a good 
violet by adding blue and red together ia well known. The 
result may bo achieved in a different way. If lines or dots of 
red and blue be distributed suitably over a surfaoe, the effect 
of violet will be produced—at all events, when the figure is held 
at some distance. One mode of accomplishing this result is 
soon in Fig. VI., whore tho distinction of the two oolonra is lost, 
and a mixed oolour effect produced, in obedience to the laws of 
Bubjootivo colours already announced. In Fig. V. tho two colours 
retain their distmotness at ordinary small distances. 

When two oolonra of abouC tho aamo intensity and tone, aa 
the blue and yellowiah or leaf-green in the central stripes of 
Pigs.VII., and VIII., ore in contact, there is a want of diatinotneaa 
and pnri^ about tho margins of the oontignons oolonra, which 
renders the oombination by no means a pleasing or favourite one. 
Tet a bright leaf-groon is often seen in Nature against the deep 
blue of a summer sky, and no one dreams of quarririling with tiiia 
arrangement of colour. There are, however, delioate differeuoea 
between the natural and ortifioial appoaitiona of green and Une. 
The green leaves of trees are full iff minute variationa of tone, 
atrnetnre, and form, and they are further helped to oontraat 
with the more uniform blue beyond thmn by the reflected ilhuni- 
nation of aome of the edges and the ahading or dukening of 
oth«ra. The latter modifioation may be represented to ns 
BBU{|Uy in VHL Here we see the enormous impoxtanoe of 
white and of Uaok, even in the narrowest lines and snuLlleBt 
quantities, in separating related oidouxs. Suoh odlouxa, diffioult 
as ihsy are to hannoniae nooeiiifnlly nnder niaqy ordiaaiy oon« 
ditioas, afford by the aid of blaok or white oombinati^ of 
great delicacy end beauty. 
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A VIMAL commercial PEODXTCTa— XIII. 

1 . —PT»8. 

Souk d l&e Molluaoa fornialt dyes nad pigments, ’nxcj tfiiwn i | 
^islda TanooB shades of purple and orimson. The o^brated 
^^ytlan pnrple was fotmerljr obtained from Jlwre» tranculiM. 
XheogtUeAah (Sepia offieitutHe), whiob clouds the water toy 
•jeo^g^m j|tB ink-bag a deep black fluid, thus effectually con¬ 
cealing itself, supplies '^e well-known pigment, egna, of a deep 
brown-blaok colour; and a caloareonB spongy plate, found in 
the same fish, is used as a substitute for emery or sand-paper, 
as a dsntiCtice. 

It.—jpaoLB,. ^ 

The toeantifnl variety of fonn and ooloar in sheila has in all 
migae attracted 
lutioe. Among 
•avages aheHs 
we nsed for per¬ 
sonal adorn¬ 
ment, and made 
into domestic 
utensils, snidi as 
knives, spoons, ! 
drinking-cups, 
fish-hooks, and' 
evenrasors. The 
w ampn m belts 
oTs^e of the 
North American 
tribes are made 
of sbellB. A 
small species of 
white glossy 
shell, called 
cowry (Cyprcea 
moneta, fHgs.l, 

2), abundant in 
the Asiatic and 
African shores, 
is used as money 
in small pay¬ 
ments in India 
and throughout 
extensive dis¬ 
tricts in Africa, 

100 being eqni- 
ralent to one. 
penny.^ Tha^ 
same 'bowriea 
are converted 
into a glaze for 
earthenware! 
and an enamel, 
for clock faces. 


firusd in the 
TBu giisli Chan- 
neL The thin 
inner layers eff 
a large flat bi¬ 
valve (Plaeuma plaeenta) found in the Chinese sea, remarkable 
for th^ transparency and the absence d thq naoreons or 
pearly layer within, are need toy the Chinese for windows instead 
d glaae. In Boman Catholic oonntriee dam shelhi form reoep- 
ta(^ for holy water; while some, perfectly white, are cot np for 
araaeings and other ornaments. IDie gra/vie, or chank 

shell of India, fished up hy divers in the Gulf of Manaar on th^ 
north-west oo^ d Ceylon, ie exported to India, where it is sawn^ 
into rings of yarions sixes, and worn on ths arms, 1^, fingers, (| 
and toes, by the Hindoos. The demand for theee shells is 
oansed by the religions rites of the Hindoos, and some choice 
apedmens of them are valued at their weight in gold. Thehelmet 
i&dl (Cassis, Nig. 4) supplies pieces large enough for umbrella 
hamllea, and the naereons at inner layers of this ahdl, and 
otiier epeoies, are ex^nisitefy ecnlptnred by Italian artto in 
imitation of antique cameos, and employed for rings, brooohei, 
pins, braoeleta, and other ornaments. 



The ht^sms, or fasdonlns of shining sedd-tranqMmit homy or 
sQky fis£menta, by wbidi many IdndB of InvalvaB attach torn- 
sdves to rooks, is in the large Pinna tor wing-shell (Nig. fi) so 
mneh developed, that by the natives of Sicily it is manuthntured 
into glovee, socks, caps, etc., of a beantifnl brownish odour. 
These axe valuable as otojMts of onriosily, but too expensive for 
general use, the price of a pair of glovee being six'diilliiigB, and 
that of a pair of stoddnge elevsn sbiUings. 

The lar^ Proportica of linie in ahelie 'renders them naeful f 
in making' cement, and valuable ae a fertiliser of the sotlji 
and for this reason shellHMnd, the prodnot of their natnnl! 
ommbling on Bea-shoTes, is employed with advantage in im* 
proving heavy loams and dayey or peaty Mixed with any 

soil deficient in lima, ahell.Band exerdees a henefioial influence. 

If we look at 
a didl we shall 
find it to eon. 
slat of three 
layers, vis., one 
external and 
rough, a me¬ 
dium layer oon- 
sisting d ddi- 
cats super-im¬ 
posed laminm 
of polygonal 
prisma, and on 
internal and 
shining one 
oalled the nacre, 
whidi is oom- 
posedof aseries 
of extremdy de¬ 
licate deposits, 
nneqnal in rise 
and extent, and 
therefore imbri- 
oated in their 
position on each 
other, their 
margpns pre¬ 
senting a series 
of Unea with 
waved edges. 
These wiinldes, 
or furrows, 
which are of 
mioroBOoplo 
proximiiy and 
minntenm, de- 
oompoae the 
rays of light, 
and produce 
that beantifnl 
iridescent play 
of oolonrs visi¬ 
ble on the BUT- 
f aoeof the shdt. 
It is this na- 
oreons lustre 
which renders 

sheUs BO capable of being applied to omamen&I purposes, and 
gives to them titeit principal commercial importance. 

The brilliancy of the oolonrs reflected depends on the tto- 
ness of tile 1 of the naore. 'Whore the laminm are thidc,i 
a ddi white appeaianoe only ia visible, as in the oyster. Some¬ 
times the exte^l layers covering the naore ore rubbed off by 
natural causes, oe in the oaae of shells which have beqn snb- 
jeoted to the roll of tiio waves on the sea-shore, where quantities 
may be found having the bright and iridescent naoteous ourfooe 
exposed, but more or less injured; generally, bowevw, tiiew 
outer It^rere are removed artificial^ with a knife, and the sheU 
is poUshed. This naoreons layer is tiie weff-knowB mother-of- 
pearl, and shells having it in tiie'great^ abundance am ^od 
pearl ahalis^ anob as ths eca-eats (HaUotis) and a large species 
of top-shell (Turio ma/rmoratus, Nig. 6). Mother-of-pearl, in 
oonsequenoe of its lamellar stmoture, admits of being split into 
laminBf or it is out, without being split, into square, ongnlu, 
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|wafavda>pHa9a,«iidk aa* «iasila7«dc9ctaHdv^in tite arts, 
iy faCmiMly in liidaM «n3 in ntattafsotera of ItniCe «nd 
Wao-hnadln, lH(tteBBy^(anff>boxoo, and tiqra^ Cat into the 
jfonnof lMow,‘fl6wen»n^ other derieoe, it foraui a favourite 
;iiintoi ini fnr mriiaiinmlllTitr fapier^macM —a nome given to artidee 
InamifiMtitnd trina'paper palp, widoh ia mooted into 'nried 
ifoau, and randeted aa hard an wood by being dried in on oven. 

Hie moat Valoable ahoBa ia oommeeco axe, however, tiioee 
wUoh fom the naeie into the fine, oompaot, oodbentrio layers 
eaOad fieaiia. These pearls an wnnetinies fonad free within 
tha Uitm'ot rite nuntle, bat moat frequently adhere to the! 
naereone e^ of the «h^ The speoiee whioh prodnoea the 
kagaal and mdat valoable pearls ia 
fSari Oy sfer (dfeieo^nna meurgarUifara, ilga. 7, 8).—The 
aeeaivaiUSlIte p^l fisheries are those on the western coast of 
Oayloni at the Bahrein Ish^ida in Persia; at Tntico- 

reea, on the ooast of Cekonandel $ tM fit. Margarita, or Pearl 
iriands, in the West Indies; in'sOibs idaees on'the eoastof 
Ccdnnthia: and in the IbyefBeauniaia^ Pacific. ITSiy:large 
and beanrifnl pearM, too, are aald. tb haaa' bben foand rSoentiy 
ea tile pcninsnla e(. Cidifomia. .The flaheriee in the Pareian 
Qnlf are the most'-'Va^ble, glving.einli^ymeftt to 4,000 boats 
end about 80,000 ptepile, and yictOiiiga retenoe of more than 
8,500,000 thalers (jBj^$,000b 

, Hm valnenf pearls ^plaow pp<A |liailt;|dse, parity, and Instr^. 
The beat ore epherioal,free from epiAoiratain, and have a clear, 
bright, white or yelloW^-white, egt^Unish colonr, with a pe* 
onliax Inatre or iridescence. Thqy Huey in size—some not 
Idgger riian small shot, end others aa largo as a pea or bean. 

peaxls dwindle to the size small shot, they arc called 
eeed-pearls, and are then of little VBlae< “ A handsome necklace 
oC Ceylon pearls, as largo as peas, li|‘worth from JGITO to .£800; 
and one of iioarls the size of pepperpSms may be hadior .£15.”* 
The largest and most valoable P^l of whioh Wd" have any 
anthentie aooonnt was jMmd^d liy Tavernier, l^^tifa, in 
Ambiar-a firiiery famooa fn, ae days of Pliny—for fnatmous 
aom of <810,000. It waa ptdf-ahaped, two inches in laagth, and 
half an inch in diameter, andie now the property of of 

Peraia, The finest pearls generally pass nndor the na^ of 
*' Oriental peexlsand those with loss lustre and beauty, Oven if 
th^ dooome £com the East Indies, are called “ Occidental pearls.” 

Peaxls are nmst abundant in Oio pearl oyster, which appears 
to be sabjoot to a disease, caused by the introduotinn of foreign 
bodies witiiia the shell. A pearl, if out through, will generally 
■bow « saoleos, formed by a groin of sand or some other foreign 
body, around which the naoreops matter haa aoonmolated in 
oonoentrio deposits, instead of being nxtead la the usually hoii- 
EOntal lamiiue on the inside of eluuL 
Thevalne of pearls haa b^ gtoa% depceriated in modem 
'''times thnmgh the sa«^|mi6d.''fmi^ti9h of them. The sparious 
glass and wax pca^.n^tt^dn Paris, tT^eidao, lluremburg, 
and Bohemia havqidlij^ -^iniabed the in real pearlk 
The best imitatio%W^ liili ^iado‘ by'gr J^Veoeh bead-maker 
naased Jooqnin. wiMor^in tAleh the fish OBlled 'tliis bleak 
(Ct(pr*iM« olbnruus^ ie wagbeA, 1« f^led with powdery proles, 
whieh ritine witli a pmJf lustre. Jaequin noticed ibis; ho 
oaUed this powder Veeaen^of peasl,^’ qr "essence d’f^enf,” 
aad aaoeoeded in ooverbig tbo inside (^.g^s beads with it, thus 
peodoeiBg » most admirable Bpurioai. glsas pearl. A con* 
eidio^blo trade ia dene with sputfons pearls on the coasts of 
fierwgatnhia, Qninea, and Oongo, and thu adiaoeut islands, whore 
tbv ace .irribspensable goods for the transaction of basiness 
with the naMvea.'; « 


NOUABUB INVENTIONS AND INVENTORS. 

MAWJfpas COMPASS. 

' -*T atatw q^Hsa. 

Tat edidxivaauM by triiirdt the magnet, in the very middla of a 
Iteto eif irow, ia etBI 'trw to the distant polo, and remains a 
teliiAti.'Mfida ia Hie oonqfmas, before the inven- 

tk>tt''ef wbleh-w. . t." 

^AiiaeM'mntieUlprwaswvicwUiqplhaD, * 

Mewiwlal«ee>iaae w naerldisa kne^ 

* Qosstiigi,ti«lg In^ th«.hwril witlim. tiwir ^ 

,. ..aptjHwth ta|'wh«athi|!.PoIa>B(snehea».v 

'' 'l — ' ., - ; ■■ I f ' .. - 
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If wo hong up a magnet by a thread, or allow it to ewba 
quii^silver, or place in a email bit of wood floating in water, 
it never oomee to a etate Of rmt until one end pointa to the 
norib and the other to the sooth. The needle or index of a 
compass is a prismatic piece ^ tampered stedl, whioh, by hayibg 
been nibbed on a majpet, has aoqOtied a mogn^o pper, 
and wMob, being placed on a pivot, ia at liberty to tern in all 
direotirms. 

This aooidaital dkoovery of the property td a natnnd tab* 
stance rapidly inflnenoed the fortnnes of- mankind. In' the 
deyelopmM of the oommeroia] Spirit of the Cmsades, Providenoe 
is seen in its most manifest footsteps. Sitting Upon the floods, 
it opeu to new eaterprises. The oompass, trrinkUng on its 
cord, rw a beam from heaven; that tiny magnet 'was gdxen oa a 
seigniory of earth and sky. like a new revelation, the mysteries 
of an unknown world were unveiled; like a new illapse, the 
bold and noble were inspired to lead the way. Dias doubles 
the Cape of E^rms; De Gama finds his oonrae to the East 
Indies; Colurhbns treads the Bahamas; and twelve yeaxs do not 
separate thm disooveries.” 

Tho oomi&SS was -the invention .the diioovery whioh prooeded 
it—for thcHre must bo a discovay preoeding, every invention— 
was the findtog of the natural mng^ or loadstone; and “ this 
did more foe toe supplying and inoreeee of sooial commodities 
than those who built wwkhoasee,” aa eaid toe grave philosopher, 
John liocke. The power of toe loadstone to attract iron was 
known to the ancient Egyptians, who, however, did not apply it to 
any practical purpose. It is refmred to by Aristotle and by Pliny, 
who tell us that ignorant persons called it quiok-iron; and in 
toe Middle Ages it \ni8 belie'vod to possess medicinal properties, 
as an alterative and cure for sore eyes. Tigor Island, at tho 
mouth of the Canton river, in China, consists chiefly of magnetic 
ore, and mariners say that toe nee^es of toeir oompasses axu 
much affected by 'toeii .proximity to tho island. Tradition 
extends the story to-drawing the nails and iron bands from the 
planks of ships, and tons- oansittg them to fall to pieces; and 
it is remarkable that Chinese -writers place too above magnetic 
island precisely in toe region of the story of the voyages of 
Siudbad the sailor. 

At what period toe polarity of tho magnet, or its disposition 
to tom to the north and south poles of the earth, was first dis¬ 
covered is not known. Tho Chinese appear to have known it 
from a very remote date, and to have extended it through most- 
of tho loading countries of Asia; the magnetic compass being 
used on land aorvice prior to eervioo at sea. Exti^ted from 
tho Sznki of Szumatosian, a Chinese historian contemporary 
with tho dostrhotion of toe Bactrian om]|ke by Mithridates J., 
wo find tho following extraordinary relation; “ Tlio Emperor 
Tohwingwang, 1,110 years before Our own, presented to the 
ambassadors of Tong-king and Cotoin-China, who dreaded tho 
loss of their way book to toei^wn country, five magnetic core, 
which pointed out toe south by means of t^ moving arm of a 
little ^nre covered with a vest of feathers ” “ To each of theso 
oars, too, a hodometer, marking toe distance traversed by strokes 
of a bell, was attached, so as to establieh a oomplete dead reckon¬ 
ing.” (Humboldt’a " Cosmos.”) “A thousand years before our 
era, in toe obscure ago of Codans, the Chinese had already mag¬ 
netic carriages, on whieh toe movable arih of the figure of a 
man continualfy pmnted to fhe south, as a guide to find the 
way across the boundless grass-plains of Tartary; nay, even 
in the third century of oun >era—therefore at least 700 years 
before the nae of too mariner’s oompass in toe Eoxopean seas— 
Chinese vessels navigated the Indian Ooean nndor toe direction 
of magnetio needles pointing to toe souto” Elaproth has 
collect^ from Chinese autoorities many ourioss aneodotos of 
toe use of tooee ohariots. 'Under the Tain dynasty they fanned 
a part of oy'ery toytlmooMritm. ’Whatever was toe position 
the ear, the hand m the prism always pdntod to. tho eouto. 
When toe emperor went in etato, one of these eaxii head^ the 
prpoeesion, and served to in^c^ toe cardinal points. . The 
magnetio wagons or oars were made as late as thelftoento oen* 
tUiy; iseveal of toem were oar^ully preserved ia building the 
Buddhist monaetoriee, in fixing the prints towards whioh the 
main aides of tile odifl^ ahonla be plaoed. Humbridt-menthma 
toe rirOunutoaoe, that tiri naB***^ used in China had 

a^hed to it a meaanre. Ovm t|to trarideea,!^ they 
wpK mots certain of their uomae then the aoeaian of tiiie age, 
who hdpMfeotiy aaeerteina tim igieed of hie vessel,- by toe 



TBOENimL KBJi'fnm. 


lisa, ia utoertiun ol liia laervay, and baa ta ootMot all by iba 
oba^atioa of tiia haavenly bodJas for bis latibida and fox bia 
looKitiidB) tbe tiata by a mtcb Bhoviag tbe diifeiwioa of soon 
at bia plaoaof observatioa and tbe pact from wbidb bo atartod.” 
Ibna vritea Mr. Buokton to “ Notes and Qneriea,’' 8rd Series, 
No. 257. addisgr: “ Mr. Seoreaby (afterwards a olergyiaaii) was 
tho owner and master of a ship in the North whale>fiahoxy from 
Liverpool. In I. lecture delivered by him thirty-four years ago, 
ho exhibited on important experiment, whioh does not appear 
to be generally known. He took a bw of iron tw^or three 
feet long, about one inch in diameter, and placing n in the 
direction of the magnetic meridiaD—that is, pointing to the 
north, at an angle of 40° or 50° with the horizon—he atmok 
it a smaht blow with a heavy hammer, by which from a simple 
bar of iron it became a magnet. Afterwards ho placed the 
same iron bar in a direction at right angles to its former posi¬ 
tion, and striking it as before, its magnetism was thereby dis- 
ohorged, and it was proved to have none of the properties of a 
magnet. At tho time I considered ^is a favourable illnstration, 
although not ao designed by Scoresby, of tho magnetic theory 
of Baler, disclosed in nis ' lietters to a German Princess.’ ” 

The history of tho compass in Ecropo has been much con¬ 
troverted. The twelfth century is assigned as the period of its 
introdnotiun into Europe; but it docs not appear‘to have been 
then brought into common use for nautical purposes. Though 
passages of various dates speak explicitly of the use of tiio 
compass for land puri:>oBeB, yet no mention of tho magnet for 
naingalitm occurs, in any of tho books that have oome to tlio 
knowledge of Europeans, till the dynasty of ])sm, which lasted 
from the year 2iS5 to 4i9 A.i). It is in tlio great dictionary, 
Bei-wen-you-fon; and it is there stated that “ there were then i 
iron ships directed to the south by the noodle.” Sir John 
Davis contends that this passugo rather refers to tho magni¬ 
tude of their ships, and the extent of the voyegos whioh they 
performed, than to the introduction of the needle into marine 
affairs, ia tho ninth century two Mahometan traveUers are | 
stated to hare traded in ships to the Persian Gulf and the Bed 
Sea, and though the compass is not mentioned, it is utterly im¬ 
probable that tho Chinese should have known tho directive 
property of tho magnet, and have used it on land in thirty 
coaturics, and yet not have employed it at sea. 

It was known on the Syrian coast before it hod come into 
general use in Europe, as is obvious from a passage in a manu¬ 
script written in 1242, which thus de8oribo.s the natural compass; 
“ Wo have to notice, among tho other properties of the magnet, 
that the captains who frigate the Syrian sea, when the night 
is so dark as to conceal from view the stars which might 
direct their course according to the position of the four cardinal 
points, take a basin full of water prepared for tho purpose by 
placing it in the interior of the vessel: they then drive a needle 
into a wooden peg or acom-stolk, ao as to form the shape of a 
cross, and throw it into tbe basin of water prepared for the 
purpose, on the surface of whioh it floats. They afterwards 
take a loadstone of a sufSciout size to fill the palm of the hand, 
or even emaller, bring it to the surface of tbe water, give to the 
hands a rotatory motion towards tiie right, so that the needle 
turns to tho water’s surface; they then suddenly and quickly 
withdraw their hands, when the two points of the necdlo face 
nortii and south. They have given lie ocular demonstration of 
this process during our searvoyage t|pm Syria to Alexandria in 
tho year G60 of the Hegira.’’ When we consider tho jealousy 
with whioh all knowledge was grnarded by its posses-sors, espe¬ 
cially that of commercial value, we cannot but admit that tho i 
«eo of the compass must have been very ooxnmon at a period 
when a passenger was initiated into the complete knowledge of 
the mode of magnetising tho steel needle, as . well as the mode 
of nsing it. 

About 1260, according tp Dante’s teacher, the needle was 
highly nsefol at sea, bnt the navigators were prejudiced against 
its adoption; for, says he, “lio mastor-moriner dares to use it, 
lest he should fall under thp enspioion cf being a magician; 
nor would even tim saflom venture themepives ont to sea under 
his command, it he took with him an instrument which carries 
so great an appearanoe of bdng constructed nnder the influence 
of some infer^ spiiii.” Dante refers, in a simile, to “ the 
needle whidi'^intB to the star;” ahd BaymondLuIly, in 1286, 
remarked that the seamen of his time employed ''instnments of 
meaeuxemaat, Mi»ohsrts, and the magnetia needle.” 


The earliest mention of tiie primitive mariner’s compass , in 
English records is that in a work by Alexander Neduun (bOm 
about 1150), entitled ” Treatise on Things portamiug to Ships,” 
In the reign of Edward IIL the magnet was known as the Wl - 
stono, or Adamant, and the compass was caUed-the Sailingcieadla, 
or Dial; though it is long after this period that we first find. the 
word compass. Chaucer, who died in 1400, mentions tbe Com¬ 
pass, and the soUors reckoning thirty-two points of tiio horizon, 
which is tho present division of the card. Dr. Gilbert, physician 
to Queen Elizabeth, and who bostowod mnoh attention upon mag¬ 
netism, compared the earth to a great magnet; and in our time 
Faraday said, “ The earth is a groat magnet; its power, accord¬ 
ing to Gauss, being equal to that whioh would bo conferred if 
every cubic yard of it contained six one-pound magnets; the sum 
of the force is, therefore, equal to 8,464,000,000,000,000,000,000 
such magnets.” The nse of tho word compass had become 
familiar in the reign of Charles I., and Bowe, in his Play of 
‘‘Jane Shore,” speaks of “tho seaman's oompass.” 

Sir John Boss, during his last voyagre in the FVlir, when 
frozen in about 100 mUes north of the magnetic pole, conoen- 
%ratud the rays of the full moon on tbe magnetic needle, when 
ho found it was five degrees attracted by it. A curious notion 
has been current, more especially ou the shores of tho Mediter¬ 
ranean, that if a magnetic rod bo rubbed with an onion, or 
bi<>ught into contact with the emanations from that plant, the 
directive foroe will bo diminished, while a oompass thus treated 
will mislead tho steersman. “ It is difficult,” says Humboldt, 
to conceive what could have given rise to so singular a popular 
error.” (“ Wonderful Inventions,” 1868 4 


TECHNICAL DRAWING.-XXI. 

DRAWING FOR MACHINISTS aIjD ENGINEERS. 

Fia. 216.—^The subject of this losson, based on a study in Pro¬ 
fessor Bradley’s excellent large work, is a dead-heat anchor 
eseapeniwnt. 'Tlio osoupemout wheel would carry tho seconds 
hand of an astronomical clock. 

Tho poUets are shown in two positions, when tho pendulum 
has vibrated through ono arc. 

Draw the circles A and n, and divide a into tho number of 
equal ports corresponding with tho number of teetli required. 

From each of theso points draw lines tonohing the circum¬ 
ference of tho cirolo n, as shown by tho linos c d and £ r. 

Draw tho circle O, and with the radius dtirido it into six oqnal 
parts ! tho rodii drawn from those will bo tho oenteo lines for 
the arms. 

Now from, tho points of tho tooth draw tangents to tho circle 
o, os shown in the lines h j and i k. 

Tbe linos n J and i k will ont the lines c D, and tho other 
faces of tho teeth, in points n, H, oto., all of which will bo 
situated on tho circle, a.nd thus C L will bo tbe depth of tho face 
of tlio teeth. 

The line H j, etc., will also give the upper part of tho bacN 
of tho teeth, as h o, tho length of whioh is fixed by the circle o. 

The remaining portion of the backs of tho teeth are drawn as 
shown in another tooth. 

From F and Q, with any convenient radins, describe ares 
cutting each other in n ; then from a desoribe tho arc f q. 

'Tire student is again roininded, that to find tho oentro from 
which any arc of a circle is struck, three points arc to bo marked 
on the are, and the lines unibng thorn are to bo bisected; the 
intersection of tho bisectors will then be tho centre of tho arc. 

On each side of s sot oflf s T and h u, for the width of tho 
arms at their upper end. 

Draw tho circle v, and from w set off w x and w s, lor tho 
width of the arms at their lower ond. 

Draw T T and U x for the edges of the arms; but as those 
arms do not run os straight linos into the rim, but are connected 
by onrves, the lines must; only bo folly drawn from f to T ari.d 
from u to x. 

The distance t t may be oarried round to eaoh of the arms 
by a cdrcle. On this circle set off f t' equal to t T, and from **, 
witii radius t t*, draw tho arcs oonnecting the edges of'fheorms 
with the inside of the rim. . 

The azTqs ace connected at the bottom by oirdos of any oon- 
ve&ient radins, u shown in the drawing at z and rf. 
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THE IBCfBEIOAL EDtJCATOB. 


The aadior tat Ha fint poaitkm ia an uro dnwa from 1, 
whilat in ita aacMod pdaitkm the arc ia atipok &am S. 

'Hie nnuitaiing po^on of tiie drawing ia left to Hie atodent’a 
knowledge i m& thia plan will be oonatantly adopted, tat order 
to r^nee 1^ aa Boon aa pmaible from lea^ng-atringa, and ^ 
titrowing taim more and more on hia own tetonroea, give him 


It ia omriae to aet oil jiointa from each other, for if eiHier one 
he at all inaaoarata, ^ error ia oarried on throoi^ioat the 
wcnk, whereaa if all diatanoea are net oS from a centre line,, 
any error will he oonftaed to any one point whidt may have 
hem tauMsonrately meaaored. 

For the aame leaaon the horiaontal line o B ia to be drawn, 



Ibe opportnnitjr for exerdaC of thonght and ingenuity, with the and on each tfde of thia half the widiha of the end of the crankt 
oonviotion that eadt aitooeBa will give oonfidenoe, and inepire the orank-pin, eto., are to be eet off. 

kim with the deaixe fiff farther ennrthnt. In Fig. 317 the distanoe from centre to centre, A B, ia to be 

^g. 316 ia the froiH, end Fig. 317 ^ the aide HevaHon a drat maiund, and from theae the different eonoentrio drolee are 
erank, to draw v^iich the etud^t wiQ roqnire but few inetmo- to be deeoribed. 

Hona l%e centre line, A B (Fig. 316), la to be drawn flrat, and The Itame o Bands rare next to be drawn neer the oirolaa at 
a boritontal Itoe h«*iBg beim dtMrb it A, the diatanoei A o, ti|d>t angln to A B. On theae t&e widtbe of tiie,ccank are to 
A D, A B, AVare tobw,aeto8, 'and perpCndicolare drawn from bo mari^ and the linee o a and d v ate to be drawn. The 
: them. The dietancea of the other perpendienlarB are to be eet enbjeot will norf be eaeOjf completed. 

Off from the oentro Sne'. Thia pWi la to be tndverselly adopted. Urdeae formed in one complete forging, Hie crank, however 






TBCmmCUa BS^WING. 
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iaipotteBtiiii nMhbtny, laiboan nadat tin dindTaoteffe of m* bnn or giui«inetial for the pnrpoim of diwifaiatiing biotion, is 
qnitiitg tlw ■faaftte be ^vided, as ehowa at i and t in Fig. 216, eoimmtely fitted within inpieoting ledges, p, on i£e outer eii> 
nnloM edun ^aoed at the end; and theitfore, when a oniik of onniferenoe of the eocentrio, eo that the latter su^ reTolre 
a flmm is wanted, aa in the meohaniem for noving the freely within it. This ring ia eonneoted by a rod, s, witii a 
aUde*TnlTaa of a Bteain<engine, the eocentrio may be anbatitated system of levers by which the valve is moved. 



for the crank. This will be further rinoidated in another lesson. ‘ It is evident that as the shaft to which the Moentao is 
In the eccentric (represented on a larger scale in Pig. 218) a fixed revolves, an alternating roctilinwr motion will m m- 
cironlar plate, a, is enrtonnded by a boop, b, the plate being preseed npon the rod, its amount being determtoed Iqr the 
movable abont the centre of motion at o. eocentrioityi or distance between the centre of the niait, C, end 

“ The oiroulsr eocentrio ia simply a species of dise or policy, that (rf the exterior circle, 
fixed upon the oranlo-ihaft, or otiier rotatingaxie of an engine, “The throw of the eccentric ie twice the eooestnolty of c t, 
is snob a inanner that the centre or axis of the shaft 0 shall or it may be expressed as the diameter of. the circle described 
be at a given distance from the centre of the piUiy. Ily the point r. 

“A ring or hoop, eith^ formed entirriy of, or lined with, “The nature of the alternating motion generated by the 
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THE mfiNIOMi E)[>T70AT0B. 


aiMnilKr eoeeatrie u idunlrai^ infcit itett of tiia ownk, wUdi 
niglitin oaMM boiodnatAgeabaly aabotitatod ior it."— 
L» Mane and Jiirmenga/ad 

Id oommtmoinv to this cjns^le, deBoriba tiie cbclm for 
tbe hoop, from l£e ooiilxe r. TbU hoop, whidi h made in two 
portions, united hjr bolts and nnts, is strenstbened by 
a and o', the aros of whicdi are strook from the oentres g and g' 
a little above and below the oentre, T. 

The end of the abaft, c, and the oirolea enrronnding' it, are 
now to be drawn; then the arm, and aubseqnontly the web, 
X H. In order to frnido tho etudent in joining the ourres, the 
oentres of the aros by which th(^ are united arc marked, and he 
is urged to work with tho utmost oare and accuracy scrthat the 
oarroa may flow gracefully into each other. The double nuts 
are mmt to bo drawn. 

The fork of the rod ie formed by three aros. Tho arc I has 
its centre at i, and this is continued by an aro, k, turning in 
the opposite direction, drawn from k, Tlio inner arc, J,' is 
atruok from J. Tho rest of the figure will now be easily drawn 
without furthor instruotions. 

Fig. 219.—This figure represents one of tho ends of the valve- 
rod of a marine engine. The centres from whioh all the arcs are 
drawn aro shown, and the whole object being of a very simple 
form, is left for the student to draw without farther aid. 


TECHNICAL EDUCATION ON THE 
CONTINENT.—XL 

BT BLUB A. DAVIOSOB. 

THE WOKEING MEWS GHION IN BEBLIN—TECHNICAL 
EDUCATION IN FBANCE. 

We now turn to another class of iustitation, in the carrying 
out of which working men are associated for intoUeotual im- 
provemont and social intorcourse. 

The Borlin Working Mon’s Union, whiA was established in 
1843, attains its object by tho followings means Lectures, 
conversational loesons, vocal mosio, gymnastics, lending library, 
newspapers, social reunions (in which the wives and children of 
the members are associated). Whilst, however, endeavouring 
to oontribato to the physical and moral welfare of tho mem¬ 
bers, the main object of ^o Uniou—intellectual improvement— 
is audonsly promoted, and this is accomplished by tha diffusion 
of knowledge adapted to the roquiromonts of the varions trades, 
instmotion in natural histoiy, by practical lectures on toohnical 
art, by personal interoonrso with men highly distingnished in 
tile branches of industry on which they lo^uro, and by epeoio! 
olaesos for the study of teohnical drawing and modelling, and 
of the soienoes on which the varions trades aro based. 

' KBXBEBS. 

The Union at the present moment numbers above 3,000 mem¬ 
bers, who pay a small monthly s^criptiou. Tho Union does 
not reject persons who may not%e working men; still it lias 
been found that at least sine-tenths of the members aro of that 
olass. This oiroumstanoo, and the years of travel incumbent 
upon every German artisan, bring abont a frequent change of 
mombora ; imd thus, although the average numlmr on the books 
at any one period is 3,000, about 10,000 imlividnals will have 
been members at some time in tho year. Tho number of per- 
Bone who hare been members of tho tkuon during the previous 
seven years is eetimated at 00,000. 

OLUB-jpUSB, 

Hm Uaion, the operation of which was interrupted by the 
events of 1848, was reoonstruoted in 1859, and soon camo into 
KiKth active opMstion tiiat It became necessary to erect a per¬ 
manent borne for it. The building'is large and commodious, 
containing an assembly or lecture room capable of accommodat¬ 
ing 2,000 persons, and thus, with the adjoining garden, oppor- 
tnnitiee a» ^fUSoided for reereation in winten- or in summer. 
The dans rooms, and.'those devoted to oonversatiou amongst 
toe ntemben, sce,idl lane and oomfortabls, and the aportmonte 
in toe beasmeni aredevited to domestie purposes. ^ 

- lUBTradfi AKD LAOMrilSS. 

inm Smitings pl^ on four evenings of toe week, and 
nnitnitt Sundays abd h^Aijfre; they are devoted to .lessons, oon- 
jectnr«s,eto.,nn,t^ evwu^ of toe weeki and to 


Booial iataroonrse and obocel mudo on Snndays. dA toe meet¬ 
ings, in foot, begin end aihue wito pect-ehigini. Il»,aabjeet8 
of toe leotnres, oonveraatioafl, and disoaasionB axe various, ex¬ 
cluding only reliipon and pditios., The lactases aXe aU fiw to 
the mambers, and are given aooording to a previously pabUshed 
eyllabuB. From the annual reports of too yearn brom 1861 to 
1865, it appears that daring that period 592 lectures warn given 
(or abont 118 lectures per year), the greater portion of wbioh 
wero devoted to subjeote immediately oonneated with trade, 
manufactures, and natural history; and here it is again neces¬ 
sary to point out that, in too broad system of German ednoation, 
tho term “ natural history ’’ does not merely mean toe bistoiy 
of animals, but toe soionoe of every eeotion of creation, and 
that “history” does not moSlh simply the history of Germany, 
but universal history; so that toe stndent, whilst reading of 
the events of any particular period in one country, roads also 
what was oconrring in all other known parts of toe world. This 
is a Bubjeot as yCt very mnoh neglected in our country. At too 
close of tho loctures, too leotorers receive and reply to questions 
by too members, by which plan an immense amount of informa¬ 
tion is educed. 

TEACHINO STAFF. ' 

As in the lectures, the utmost amount of instmotion is im¬ 
parted in the classes by moans of questions and answers, and 
by oonversatiou wito the teachers. 

The teaching staff is purely an honorary one, not any one of 
the professors accepting a salary, having taken the self-imposed 
duty in furtherance of tho well-being of tho working classes, 
who, as will be shown presently, avail themselves most grato- 
fully of the opportunities thus hold out to them for receiving 
first-class instmotion. The lecturers and teachers are men of 
the highest metropolitan-Vin fact, in some coses, European— 
repute, viz., professors of universities, medical men, architects, 
engineers, artists, officers of state, managers and proprietors of 
large works, etc.; whilst tho staff of about seventy teachers 
includes eight members of parliament and Sevan members of 
tho town council; and tho Burgomaster of Bqrlin is one of the 
acting board of management. This co-oporatiou of men of the 
highest position in the scientific, literary, and social circles 
with toe working olassos is one wbioh must produce the best 
results, and whioh, we are happy to say, is bocenning moro 
general in this country than it formerly was. 

COUBSE OF INSTBTJCTIOH, 

The schme of instraction is designed to improve the inoom- 
plete ednoation of members, and to give instmotion adapted to 
toe partionlar reqnirements of each. The olasaes are well 
attended, the subjects of stndy being—writing and reading; 
arithmotio; toe German language, literatnre, composition, and 
correspondenoe: free-hand and linear drawing; geometry; bocdc- 
keeping and exohangos; oommeroiol arithmetio; book-keeping 
by donble entry; meohanioal and architectural drawing; prao- 
tioal geometry and projection; vocal music; short-hand writing; 
modelling; toe'Frenoh lainguage; tho Englito langnoge; pattern 
designing. The following figures show toe attendonoe at some 
of toe classes:—German reading and writing, 144; litecatore, 
45; arithmetic, 60; mathematics, 20; drawing, 101 p short-band, 
52; book-keeping; 43^ French, 30; English, 15; gymnastics, 150. 

AEoniTECTVBAL 'SCBOOIi OF THE VnIoN. 

The earnest desire of a great body of the members for farther 
systematio instmotion in praotioal architeoturo led to toe forma- , 
tion of the Sohool of Architecture, under the management'of 
able prpfessoTB and aroUteots. In this school the students 
leooive theoretical and praptical'instruction in arohiteotore and'’ 
the various trades which take their rise from that ao^oe. 
There are tons oonrses of instmotion, each extending over fonx 
months. The average number of students availing themselves 
of these advantages is 84. 

UBSABTANS BEABINO-BOOIC. 

As may be supposed, toe library is a mort impertant feiatare 
in 'tiie in^tution, ^or^g as it dM means fOr insttoctioii and 
amasement ttte tu msmb^ and their families. Its oontents 
have been acquired partly by gifts and partly by purehase; 
it is nssd by about 790 ineiaben in the winto: and 509 in the 
auptUME. libxarj'is o^ fortoe 'esabuiie of bocdcs' two 
evepinga in tiw'wbek. The fetdlng-rooffi ii ieit toe use of 
asahers m mk epfiakak ika vrsek. Tb* tootd ik toppUtd 



BTJniDIirG OOSBTETJDTIOS. Wr 


«il3i Hinaty shd augudBea—^politieal, MtaatiSo, Uteiaiy, 

raSgioai, and teahnioal— 4 II of wbioh are emtidtoBi^ 
pMSontkl by th«ir MBpeative pablisheiB. Tbe rooin i« TSty wdl 
attepdod, attd i{i a aooroe of great pleasnro and bostraotioii to 
the ihembeta. 

Jtinay bo interoBi^ noir to aaalyae the niuaber of memben, 
Mvith a Tiev to showing the olaeaes it ortisano edio have at any 
time bolongod to the Union during the yeara 1864 and 18&S:— 


Laboutan. . 

633 

1 Various Business 

1 

Blaughtersrs . 

15 

Bsicere. . . . 

88 

Men, . . .1313 

liOcknnltbs . 

680 

Barban . . , 

sa 

Tinmen , , . 

SOI 

Bmiths, . . 

273 

Pnblto Offloers . 

366 

' Bssket-makeri . 

85 

Tailors. . . 

1118 

Coopsn , , , 

4i 

Enrriera,Hatters, 


Cliimnay-sweops 

0 

Bookbintbira . . 

37S 

MidCftp-makert 123 { 

Bhoomakara . 

776 

Book-priotors . 

132 

Lacquerers . . 

43 

Bope-makeis. 

10 

Brush-makers . 

a 

House and Deco- 


Frame-makers 

105 

Tilom .... 

20 

1 iBtivo Painters 764 

Stomp-oatters 

S 

Turners , . . 

217 

Fitters. . . . 

SIS 

Students of Art 


Compositors and 


UaaonsaadBrick- 


and Literature 

78 

Printers . . 

321 

loyoTs . . . 

coa 

1 Cabindt*ui&kers .2161} 

if 

62 

Mechanics. . . 

218 

Potters . . . 

78 

22 

Millers. . . . 

to 

Watch-muhera 

87 

Olnziars . . . 

to 

Noedlo'inakorsaud 

Weavers , . . 

1416 

Gold and tblver 


Stool-workers . 

CO 

Joiners. . . . 

388 

Workera , . 

106 

Fringe-makers . 

1(U 


Bait-makers . . 

Ito 

Saddlers . ... 

103 

1 Total in' Two 


Glovers . . . 

60 

1 Screeu-makors . 

11 

i Years. . 14,152 


The apouo at our disposal will not allow of our giving in those 
papers any further account of the means by whioh tochnicol 
oducatiou is carried on in Germany ; yet aR wo have described 
is os a drop in the mighty ocean. The maehineiy is so vast, 
and its action bo definite, that volumes could be written with¬ 
out orhausting the theme'. We leave it, then, nnwiUiiigly but 
of nouessity, in order to devote some attention to the 

TECHUIOAL EDUCATION OS’ EEANCE. 

Our Bubjeot not permitting us to enter upon an invAitigation 
wf the schools for primary instruction, or for the education of 
the blind, deaf and dumb, or idiots in France, we must pass 
over all the noble institutions established for these, who have 
been oallod the disinherited of Nature. 

The improvement in the ordinary means of education pro¬ 
vided for children has been deemed by the friends of progress 
in France to be insuffioiont to meet the wants of the day. They 
felt it to be necessary that a great eduoatimial system, exten¬ 
sive, varied, and open to all those who wished to learn, should 
be made available to adults, offeruig the means of extending 
tile olemeutaiy knowledge received in preparatory eohools, and 
providing snperior instruotion euited ^0 their pooulior avoca¬ 
tions. The ministerial orders snggesting lectures and evening 
schools for apprentices and grown-up people, responded to this 
double want. Private efforts had, it is true, in this instance 
preceded offioial decrees. Several societies had been organised 
in various places, to provid^means for scientifio instruction, 
for the benefit of town wothmen. The Folyteohnic Aesoeia- 
tion, which dates from 1830, numbers now twenty-two different 
seotions in Paris and its environs; whilst it has founded and 
endowed a much larger number in various deportments, showing 
that individual enterprise has no| boon idle. But the effect of 
an appeal from the Minister of Public Instruction to the intelli- 
genoe of the oonntry, caused tiuMnangitration of such a vast 
ednoational movement, that from the let of January, 1864, to 
the 15th of Deoembor, 1866, the number of adult educational 
inetitutions wa« augmented from 5,623 to 28,546, and a spon¬ 
taneous aoeession of 600,000 voluntary pnpils was thentby 
CMted. These institutions have adopted two different methods 
of matmetion, eaoh usofnl in its way: that of leotures to open 
&e minds of the publio, and to enlighten them in various 
important subjecte, and t^t of absolute leeeons fog the purpose 
of affording aoourate instmotibn adapted ;to the vexioiu walks 
of industcy. The ^noation of i^prentioee end adnlts, as hu 
been shown in tiie various programmes abeady given, when it 
paeees beyond the limits of elementary instxnotion, ehongee 
its ohata<to, enters into the arena of applied eeieaoe and art, 
heoomsB, in fiwt, Uohniectl education. Ihe leoent introduotion, 
of tin teaching iit living languages, oommeroial geognv^^ and 
IKditioal esid hkdnsirial eeonomy cannot fail fie gener^se smd 
epnatitiiteler^ enaUng olaHes a superiorj iystam ef edn» 
if^ hgy iihUiig Ihf 1^ the lattec to ndanitoad and no he 


satisfied with laws and regulations, of the gist <tf trhieJt 'totj 
would have otherwise have had no oomprehensioa,! 
former to obtain information from the works pnbliiAed'hi 
foreign countries, or in visiting such to be enabled to toto- 
munieate with others, without the aid of interpreters, 
whilst they may translate- the words, cannot translate the 
epirit, not having a praotiool knowledge of the subject. 

If we except some few departmental centres where publio 
instruotion is favourably endowed, the teaching of the applied 
arts is much bettor organised than of the Bcienoos. The 
phiotical and soocessful results achieved by the system of teach¬ 
ing adopted m the drawing and modelling sohools, secured for 
Franco an honourable position at the Lon<h»i Exhibition in 1862, 
and this was confirmed by the work sbown in the Paris Exhibi¬ 
tion in 1307. Paris, which has become so jnstly celebrated for 
the production of works of industrud art, has natnrally^ put 
ftself at the head of the movement. By the institution of a 
certificate uf Master or Mistress of Arts os a reward for skilled 
teachers; the intiodnotion of drawing .into the primaiy sohools 
for girls and boys; the re-orgonieation of the evening olassas for 
male adults; the opening of lay suhools for female adults; annual 
competitive examinations between classes of the same degree, 
and the renewal of models according to the rules of the most 
siorrect taste, a more culightouod and elevated object is given to 
instruotion. Those are great ednoational advances in which the 
mnnioipolity and the State both pautioipato; and, further, the 
workmen of France have been made to fool that the traditional 
fame of their euuutiy in industrial and ornamental art will not 
stand invulnerable against the ooropotition brought about by 
the increased educational efforts mode in other oouutrics; and 
that if they would hold their owu, they must make the strongest 
efforts with renewed vigour, or they will bo compelled to roUn- 
quish the palm of s iperiority. Already the admirable worldng 
of our English schools of art has produced an efloct on designs 
and manufactures whioh is oven now turning iihe pconniaiy 
stream, whioh has until’ within recent years flowed to Francs, 
into the homes of our English designers and manufacturers; sad 
this healthy oompetition onoe established, we Englishmen feel 
certain of our snooesB; whilst we cannot but admit, and gxato- 
fully acknowledge, that the very men who are running in the 
race have and do help ns in every way. This refers to Germany 
os well os Franco, and it may not be ont of plaoo to mention 
here that every information ns to systems, details, time tablea, 
etc., of the educational institutions, specimens of the work done 
in each, copies of the books and examples nsnd, and evei 7 
possible personal oasistanoo during visits, have been aeoorded to 
the writer of these papers by the authorities uf tho various 
institutions, and by the working men of all the countries whose 
ednoational institutions are herein described. 


BUILDING cdNSTRUCTION.— XL 

STONE AECHES—-WOODWORK, STO.* 

The simplest form of arch—^viz., tho semidroular—may bs 
considered as the half of a cylinder, and this knowledge will 
materially assist tho student in projecting tho different forms 
now required. The subjeot of cylinders, their sections and 
developments, having 4>oen fully traatod in “Projection” (see 
Lessons IX. and X., pages 204, 235), it will only bo necessary 
here to apply tho principles tiwye laid down. 

Lot A B c (Fig. 75) be tba|>lan of a road to bo crossed by 
a bridge, the oroh of which is Bomi-ciroolar. It must, however, 
at the outset, be explmned, t&at on elliptioal or any other fona 
of aroh would be prujeotod in an oxootly similar manner, flw 
semi-circular being merely chosen in this ease as simplest for 
the present purpoee. 

Now if the aroh were to otose the road at right angles to ito 
A B, o D, the elevation would bo that drawn ae at jf v 
(f%. 76), and, of ooone, any eeotion token at right angles to 
the sides would be of the same form, the aroh bdug.pe^Mi^ 

The development of the soifit—that la, the shape the 
ooveriRg of tiie interior of the aroh—would, in.toai toto be a 
parallelogram, whoso width would be equal to depth of the 
whose length would be eqn^ to toe enrye forming 
tin "f"**"!^^** ^ *1 »"d-itB plan would T» the reeti^le H1K 1 . 



THE TBOHNIQAIt EDUCiLTOB. 


Bui* in the preiaat rtndy, the aich oroaaee obUliueZy, its alevh* 
tion auldnir u naJe ^ SO" with the aide the toed,« d. 
Hie plan the hddge then beoomea the rhomboid o a 1 
iaateed at the reotengto a t x i>. 

fiChe ooBatnuitioli aeoeaaaiy for the proper projection of the 
wob under theM oiroasnataaoea, ao aa to find its exact ahape, 
ia an appUoittianof the atudy given in toaaona in '* Ftojeotion(” 
for it will be aeon that the arch moat be fawated aa « lemi- 
eplimiar, and the elevation aa a aeotion of it at an angle of 60". 

Sbriag drawn,, the elevation (Fig. 76} aa it would be If it 
onwted at right anglea to' the tomAmy, and having divided it 
into ite vouaaoira, the jomta of which converge to the centre, 
draw linea porpendiculac to n v &om the pointa n, n, o, v, q, 
B, 8, Tt meeting the line at which the arch r^dly croaaea in the 


at ar^ (and here again the atudent ia refierr^ (or 
ment^ information to. tiie fignree in “ Projection'* already 
mentioned). 

Produce thf line IiH indefimtely, and from the point B, whioh. 
in Fig. 77 is odntident with a at Fig. 76, aet the hnitha 
ir, o, r, Q, B, B, F frim the original eteooiion, in order to obtain 
the length of onrve. But the atudent ie reminded that thia 
ia only approximately oorreot, for it ia meaauring chorda inataad. 
of area, and atraight linea am, of conrae, ahortw than oorvea^ 
aa a atraight line ia the ihorteat diatanoe between any two 
jpointa. In order, therefore, to approach as nearly aa piWbla 
to the tme length of a onrve, it ia deairabto to &vids it into 
numerona parts, by which the chords become shorter, and the 
difference between the curved and atnugbt linea is loasened. 



points M, 0 , jii^ g, r, i, q (Fig. 77). At these pointa draw 
linea petpendioalv to x a. ^ 

Kow the ground lino e H (fig. 77) correEponda with the 
ground line X 9 (Fig. 76) j it ia only Wger becanae it croaaea 
obliquely, and thus the perpendiculars, in oonaeqoence of thia 
lengthening of the whole Hne, wiU be further apart than they 
ere in the originel etevation. 

Bnt althcmgh tii^ will become further apart they wiQ not 
be in any way altei^ in height t ilierefbre mark on the per- 
pondieulan m, o, p, q^, a, ibe l^hta at the perpendionlam 
w, o, F, Q, B, 8 in the otlgiiial elevation (Fig. 76), that obtaining 
thepolnta o', p', sT, f*, r'. 

curve drawn tirrongh ihege poiiita will give the true form 
tfthereqidlwdtil^atioa, end ia t^ ebapefor the oentenitg on 
wi^ tibie ileb wpuM 'be butit, and of. the templet need ia 
fihMfag the sepeahte ygeasOfee. ' " 

BOW he honveDient,lMi|aiw tM naay linea erowd tiie 
, frr'wedt out the devtlopBient Of tiw nademteifr muftKm 


Divide, then, one of tiieapacea—Tia.,F s—^inio, say, four equal 
paria, and aet theoe off from B on I. a prodnoed—vis., E a'. 
Now there are seven divitions in the intradoa of the aroh, and 
they are all equal; therefore Set off from H tiie diatanoea N't o', 
f', o', b', s', H* equal to F 8. The length a h' ia thuB tiw length 
of the curve. ' 

From s', o', f'’, g', b', 8', s' erect perpendioalan, apd interaeeb 
them by bcnisontela drawn from the poista similudy lettered in 
the base line of the oblique tievation. 

Throngh the pointa thns obtained—^vi*., o*, p", q", r', 

h*—draw the curve a h", and from them aet edf on ^ petpen- 
dionlue the lengths u i. Oonnect these points tiie onrve 
IF, end ^ figure nsT h"(Fig. 78) wiU be thederabpmentof 
the soffit of tim arch. 

To drew tiie outer edgee of the veuss^ proeaadt plwtioBly 
as biffcm, to draWlbieii piHUel totbe axis qf theeySnider, end 
St tl» poiBti where aaah linea meet the heoe line of the dfaiiqBe 
eltvwtieni, &nw peqwitdMdaM In « lb Ifeifr on each «f these 
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Iwigliti tiA»n from the beie line in the original eleration, 
and tike reat will be aeen fimn the diagram. 

Eig. 79 ahowi a eimple {trojeotion of one of tiie vonaioirs, the 
int on tiie left aide. The laoe ia, of oonrae, drawn from the 
bbihine elevation, tiie curve being etmok frinn the templet 
altei^ mentioned, whioh maor for drawing pnrpoaea be cnt 
oat of a piece of veneer. If t^ ia done, the atndmt will eaaily 
be able to draw the portion of the onrve required for eaoh 
vonaaoir. 


one ia divided into fiVe ataira called windera, whilat the atraight 
ataire are called ^era. 

To dmw the windera, produce the linea forming the edgea oi 
the atepa i and e, until they meet in a. Then from a, witti 
radiua a 6, deaoribe the qnadwt connecting the linea d e aal 
a h. The aame radiua win alao give the quadrant at the o^tpo* 
aifr end. From a with any radiua deaoribe the quadrant B, and 
divide it into five equal parts; through theae pointa draw linaa 
converging to a, whiol^wiU oomplete the plan of the windera.. 



Prodno3 the baae and the elanting portion of the faoe until 
they meet in w. This wedge form wffl then oorreapond with 
that in ti^te obhqne elevation prodncod to the centre. 

'With*we aot-aquare of 30° draw the receding linea, and it 
will be evident that the diatant edgea are paraM to thoae in 
the front. 

Fig. 80 gives the plan, and Fig. 81 the elevation, of a stone 
staircaae, with detml to an enlarg^ scale. 

Draw the walla of the plan, and from the inside linos of theae 
draw the linea a, h, e, d, and e, f, equal to length of the etepa 
from end to end. Ka^ off on Ueae the widtha of the atepe, 
and draw the lines wbicdi wQl be the pkns of the edgea d, g, 
K e; n, o, p, g, r, t, i, u, v„v>, o; «,*, y,/. The 

qnarter-jqBMca will StillkA in tiw ootnBt8, 'and of theee the 


In the other oomor there ie really a qnarter-spaoe, and from 
this four atepa riae, tiie last of whioh is tiie landing. 

It will be seen tl^t the atepa are built into the wall. Thia 
is shown by the dotted linea in the plan. The lowest one alao 
rests on the ground, and thia aupporta the length of the one 
- above it, and so on in Buoceaaion, the ataira fitting in to eaoh 
other by a joint called a “joggle,” Shown at a, b, and e in 
Fig. 82. 

It ia uooeaaary here to mention that the fiat anrfaoe of a stair 
ia o^ed the tread, and the npright faoe ia termed the rue. 

The ab^ forming the passage aeen in section in the elevation 
at X (X^. 81) are joined as shown in Fig. 88.' ^‘Xhsy, too, are 
built into the wall at their inner edge, and the pasaaf^) is 
further supported by a eastaliver, not shown in thia elevation. 








































THE BSTTOITOB. 


84 ihom modd ^ deaoritog the oortall^ or Ibwest 
■tep, dtawn to idi« «o»i« of li inch to’the foot. 

D»w Aft wpud to tndtii of Hie vieible pooHoii of the 
ttead of the stOHi-^-iiiiiiiely, eleros Snohee by soaJe, an inch and 
a half bdng oovered bj Hie stop abore. 

Biaeot a s in c, and divide 0 B into four equal parts, On Hie 
biaeoting line o eonstmot the square c n s v, the aidea of vhioh 
«q^ any one of these four parts. 

£>am 0, irith ladiua c b, doacribe th^uadrant b e. From d, 
-with radius p 0, describe the quadrant e H; and from n the 
quadrant a t> wyoh will complete the apiral. 

From 1 draw a perpendio^r, and make i j 'equal to i e. 
From 1 , wiHi radius r i, describe the quadrant i k, and from k 
H ie straight end <d the atop wfil bo drawn as i^own in the 
general plan. The projection of the elevation of the stops is 
ao simple that it will not require muoh explanation. 

Having projected from the plan the mere sections of the walla 
anppoaad to be out tiirongb, draw any pOTpendioular, as c, and 
on it set off the heights of the rises. This height is, of course, 
regulated by tiie room at the disposal of the architect, and the 
height of the floor to be reached: in this case on average height 
of rise is token—that of six inches. 

Lettw each of these points to oonpspond exootiy with the 
flguriiig of ths edges of toe stops on the plan. (It will be seen 
that, in order to avoid crowding, figures belonging to the 
winders are placed on the lines, instead of at their extremities.) 

How from the .points marked in the perpendicular in toe 
elevation draw horisontols, and from the points at the ex- 
tremitiea al tiu edges of the stops in the plan draw perpen¬ 
diculars ; then toe right angles formed by the intersections of 
the lines similarly leered will be toe end elevations of the 
etiurs. AH other guidance may be obtained by careful study of 
the diagrams. 

VOOOWOBXi SBAWINQ FOB CASPENTEBB AHD JOIBEBB. 

JOIETS IE TIHBEB. 

Before treating of what are usually termed joints, wo must 
give eome attmtion to the methods of uniting pieces of timber 
so as to Increase their length, whilst achieving, as nearly as 
possible, tile eoBie amount of strength which toe timber would 
have if it ooniietod of one piece only. 

lu writing on tide subject, toe author neoeasaiily bases his 
obeervatiims. on the principles laid down by such standard 
anthorities M Trec^rdld, Bobison, Thomas Young, Peter Nichol¬ 
son, etc. I but he has also been guided in some degree by 
tiennan and Ikeneb praotico. Some of the examples ore 
ouUed from Oontinental sonroes, in order to give the student 
as extended a view of the eubjeet as toe limits of these lessons 
admit; and to the information tons gleaned he has added the 
xesulto of his own exjicrionoB, extending over many years. 

The model of joining timbers, so as to inoreose their length, 
sure vei 7 numerous, and have most of them certain advantages 
when appUed under particular oiroumstancea. Some of toe 
metoods adopted are ingenious, but the simplest is generally 
the beet. It will be olear that the method of joining shown in 
Fig. 85 uhst be the strongest that oonld possibly bo adopted. 
Here two pieoee of the same scantling* are laid over each other. 


This bobig understood, vre ri^toirii (o. 
here w/a ahall see that, as the oannhetion between toe fibree at 
B and V baa been sevmwd the boUs, the whole of the'Atrip 
between tiiem (shown jn dotted linet) is rmideied 
as this ooours three times in the beam, tiie only pesin lelf in 
toeix naioial strength are toose not pieroed by the bolts; and 
tlute are not faatenod together at all. tt is therefore neoessaiy 
toat iron platM should bo placed over toe parts to be jobmd, 
and by ibis means toe whole may be held firmly together. 

Now the system proposed by the author for joining beams 
of great lengto ia shown in the following diagrams. 

Figs. 88 and 88 show how a rebate is to be sank in the <me 
beam and a tongue left in toe otoer. This form leaves a 
shoulder at c, against whioh toe end D presses, tons afferding 
security'against compression from the ends, and preventing all 
chance of the beams eliding over each otoer. 

Fig. 90 ia a section showing the iron strap whioh forms three 
eidoa of a rectangle, the fourth being formed by a plate, whito 
fits in the screws at too ends of toe strap, and is soonrod by 
nuts, l^is allows of oeoasional tightening-np, if there should 
be any sagging owing to shrinking of too wood, etc. 


CHEMISTRY APPLIED TO THE ARTS.—VII. 

BT OEOBOE aLADBTONE, F.C.S. 

SODA. 

SooiDK (chemical symbol Na, from the Latin word Natrium), 
which is the metallic base of soda, is one of the commonest 
Bubstanoos in Nature; though it never occurs as a metal, 
because it immediately takes in toe air, in consequenoe of 
its great affinity for the oxygen of the atmosphere. , 

What is most geneiaUy known as soda is a compound with' 
qMbonio acid. Another most familiar oombinatioii is that with [ 
Corine, forming the common tiible salt. A third, which is not. 
uncommon in Nature, and whioh is also largely manofootured,. 
is produced by sulphurio acid, forming sulphate of soda, or; 
Glauber's salts. The other preparations of soda ore of minor ' 
importance. 

It is the carbonate of sodiom (Na,CO,) with which we are 
specially to concern ourselves, as it is manufaotored on a very 
extonsivo scale, employing a large number of hands, and con¬ 
tributing gVeatiy to the prosperity of certain distriots in Eng¬ 
land and Scotland. The borders of the river Tyne, below 
Newcastle, may be considered the head-qnarters of the manu¬ 
facture in England, though there ore also some large works 
near Liverpool. In Scotland toe principal establishmonts arc 
situated in the neighbourhood of Glasgow. 

Great changes have taken place in this branch of trade, and 
many of toe sources of supply whioh were muoh valued formerly 
are now comparatively nogleoted. The plants whioh thrive on 
the sea-beaoh used to be ooUectad and burnt for tiiis purpose, 
tie their ash oontainB a considerable per^oeutoge of soda} and 
f)Bne kinds of soa-weed are also treated *in the same way. In 
addition to toe home supply from our own coasts, it used to be 
imported from France, Spain, toe Canary Islands, and other 


jzere vwo pteoes oi me same seanmng* are lavi over eacn oxner. , --—-' Zii iTT-T -r 

for a certain end toon either held together by iron bolts ^ towevw, ^ 

or by beads. iSie anftor prefers the latter, because, by boring exolnwrely from otS&T*ftiolM, v^ d^ewnt to tow 


holes titto^k toe timber, toe fibres are divided, and toe strengtii 
at the bean. toereV diminished. This, it is hoped, will be made 
dear by the toBowtog diagram. 

Let tu Buppoae otoarives looktog down on a beam uititod as 
proposed, by plaoing toe rads one over the other and bolting 
tiiemtog^ar. Qnr riew tiwa would be that represented to 
I^g. 88. , ' n ^ 

Fig. 87 shows the eeotion of thb lower timber on the line a b, 
as it wosld be if bond for bdts, and to this it will be seen that 
the fibree ere totally severed at c aad 9, and that toe wood 
betwoon the two bo^helee cannot & s»y way contribute to toe 
Btrength q( the beam aak>^ as itslen^his oonootned, as it is 
only ooimeoted with it by its lateral odiarion. 

* Snatltn.—'The tmaavwn ffineaslMe d a piaoe of tinbev la 
\beei8to'«sd; to i Birti i e i. elm to* lu^ d ajdsn o( 

es of.^taar M ts f tor i xBtor, pds.iuta, or 

periis'd a 'tod ' AJU gasieirifeg ^ saieB' tostereof'Wltoli yiM- 

ffiatnienMlit ««tor:lito.«Mii« ejestotoetfsd ' isse fflse . ; .‘■•'i 


character, and which can ber obtained in almost nnlimited 
qnantitios. 

Common salt, snlphnr, limestone, and ooal are now the 
piinotod ingredients; and all tone are, fortnnatdy, very 
abundant in Natnxe. The eulphnr is by far tite most expenrive, 
as it has for the most part to be imported from abroad, but the 
souroes from wj^|gjp e it ie obtained are multiplying eo rapidly 
that toe mannl^PI'rera can depend upon a ngvilar e|nply at a 
amah more teasonshle price than formerly. Until Vtoynmn^, 
toe snlphnr hssd in tok oonnti^ Came dmest cxdtasivdy from 
Shnly, And toe shpply with diffionlty kept pace with the is> 
cMaaffig drauuid. Ibk Jed to toe snbetititito co pyrites, a 
miaeral consisting ofi'snlphurst ei toon or eq^ptt, the price of 
whioh was «o modi lopw as to be more eoQ^ndosl. Fyritea 
am now bnmght to vwy boge quantities tocm Irdcnd, Spdn, 
Fortogol, amd Norway, to KowcaetlB, Iev«q|ilQ(^ stid to 

order to famish too-fizMAt dtoBdoal wmla at Am 

thisnecesaarv’inan^eat. ' • , ' 

' sodta|ji$ils^':1totide'froth 
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oHHiasxsr afflud to the abis. 


t iUdi lbs ffodft 9f eommeroe ia nuda. first step is to 
ottTMrt to a snlphats. This may be done by 

' Muiting the salt in a fnrnaoe, along with snlphnrio acid, by 
rhScb means the ohlotine is driroa off and the sdphur takes iia 
.' For this purpose a rererberatoiy futnaoe is used, fitted 
ahaUow pans lined with lead, into which the salt and acid 
put, and oTer which the fire from the furnace passes. The 
are charged with equal weights of salt and sulphuric acid 
spedflo gravity 1’45, which are well mixed up by means of a 
gake, and then the door is closed and the furnace heated. 
About an hour's roasting will sufflco to oonyert the salt into the 
^nlpbate Pf soda, so that the same fomaoe will serve for several 
sfiiarges in the course of the day, taming out 9^ tons of the 
jsulphate to every 6 tmis of salt. Daring this process the 
Johlorino has boon driven off, bnt the mannfaotaTer>oannot allow 
it to escape into the atmosphere by the chimney, because, in 
the first place, it is of value, and, in the second, it would be a 
serious nuisance to aU his neighbours; the gas, therefore, ia 
made to pass through condensers—high chambers,' through 
Which a shower of water is continually falling; the water 
; absorbs the gas as ititises from below, and forms hydrochloric 
iacid. ^he furnace is often arranged with a lofty chamber or 
Itowei^etween it and the oondonser, in which limestone or 
'baryta is placed, for the purpose of absorbing a part of the 
chlorine, and producing cUorido of lime or barium, as the case 
may be; the former being need as bleaching powder, and the 
latter as a white point. By these various means scarcely any of 
' the chlorine is lost, and the profits of the soda manufacturer 
are considerably enhanced. . 

The sulphate of soda has now to oe concerted into the 
carbonate. For this purpose it is roasted with about an equal 
quantity by weight of carbonate of lime, and one-half its weight 
.of coal, in a rovorboratory furnace. Those substances are 
generally broken up small, and well mixed together, and as 
soon as the fumooe is heated to a bright red heat the charge is 
gradually introduced into the first compartment of the furnace. 
As soon as it has been sufficiently heated through, it is trans¬ 
ferred to the second, where it is subieoted to a higher tempera¬ 
ture, and forms a soft doughy moss, which is kept well worked 
by means of long iron stirrers. Daring this process the mass 
evolves carbonic acid, and as soon as the gas has all passed off, 
and the contents of the furnace assume a tranquil liquid condi¬ 
tion, they are raked out of the furnace and allowed to cool. 
The Bubstanoe which results from this treatment is commonly 
called ball soda. 

It will be seen from this description that a considerable 
amount of manual labour is necessary at thic stage of the 
process; and the snccesa of the operation greatly depends upon 
the charge being well worked by the stirrers wl^o it is in the 
1 fnmaoe—very hot and laborious work. A very interesting 
arrangement ia adopted in some of the beat alkali works, in 
'! order to avoid the stirring altogether. The furnace itself is 
i; made to rotate, and as it turns the ingredients become 
; thoroughly and nniformly mixed. The part which receives the 
' charge consists of a long iron drum, turning horizontally upon 
. its axis—^the fine passing through 'the two axes—and having a 
door in the circumferonco, which servos both for charging and 
discharging it, according as it is brought to the uppermost or 
lowermost part of its circuit. *Tbe charge passes in tiitough a 
hopper, the apertnre is closec^ and, the furnace is mode to re¬ 
volve. When the roasting is compleie, the door is opened, and 
the charge passes oat into receivers placed below. 
t The bail soda thns prepared consists of porous lumps, of a 
{ 6hrty grey oolonr, composed principally of carbonate of sodium, 
Stdph^ and carbonate of calcium, and carbon. This, when 
reduced to powder, is sold, and exported in considerable quan- 
luder the name of blach ash. The balls will fall to 
pifloea themselves by merely damping them with water and 
axpoaitig them to a high tomporatare. 

pnbmucte of sodium is very readily soluble in watch .at any 
I tejki|)emia»t t^ngh hot watw will tdee np much more than 
*ocM. Advamtage is taken of this ckknmstance in ordgr to 

i separate the o^onate of sodium from the other izigrements 
dootUned in the ash. A series of dstems, each one at a 
■l^tly lower level tbtn the preceding; are therefore filled with 
the Uadt a»h, and vrarier is made to pews gradually tfaroagh 
/them, taking 1 QI is«»e and mere of the soda ae'it passes alcs% 
tmtU it kfsulyaatiuwte^ and idte ash iaqsdtemchinuted. Itu 


generally found oonreniieat to keep the water at« tempewtora ( 
of something over 109° Belnrenbeit. ' ” . . - . 

Having il^ obtained as aqueous solution, the vrater. hag to 
be evaporated, so as to separate Iho soda in a eolid state. Ihe 
evaporation of so large a balk of water involves the expenditare 
of a great amoant of heat, eo that, as a matter of eeonoB^; the 
vimste heat as it passes from the baUing fumaees is ordiuari^ >, 
made to serve this purpose. TariotUi fonus of evaporating pass/ 
or tronghs are used, and in some works the orystalB as they 
form are. raked out by manual labour, whOe in others maobineiy 
ia adopted for this purpose. The so^ thus obtained oontainBi 
generally abunt 70 per cent, of carbonate, 15 pot cent, of ihal 
hydrate, and 6 per cent, of the sulphate. 

In order to free the carbonate from 'the other oomponnds, the/ * 
ash is again heated in a reverberatory fnmaee, with a little Bawl 
dust or amall coal. Core mnot be taken not to heat it od 
highly as to oause the ash to fuse, which would entitely defeai 
the object; and during the process the ash most be kept well 
stirred. By this means the sulphur is driven off, and ahthcl 
same time the excess of carbon, after having oonverted both thel 
sulphate and caustic soda into the carbonate. 

If white alkaU be required, the soda, after coming out of the | 
carbonating furnaces, ia again diaaolved by meona of ateam, aad( 
then allowed to orystaUise out on cooling. In this state oodaj 
is nsod in various manufaetores, such as in soap-boiling and\ 
plate-glass making. For other purposes, however. Jit mnat be' 
etiU further purified. 

To prodneo what arc commonly known as soda crystals, tiie 
white alkali ia again dissolved in boiling water, and then either 
filtered or transferred to iron tanks, where the liquor is left to 
settle for abont twelve hours. If neoessaty, the latter opera¬ 
tion is repeated a second 'time, and a little lime is add^, to' 
assist in throwing down the remaining imparities. It is boiled 
until it attains a specific gravity of 1'3, and then left to stand 
until the temperature falls to 92° Fahranlieit, when it ia ran 
out into large cooling-pans to orystaUise. Upon the surface of 
the liquor in these pans bars of wood axe placed, which oon- 
atitnte a nucleus for the formation of the crystals. Attadldng, 
themselves in the first instance to the wood, they grow down¬ 
wards into the liquor, forming beantifnl masses of large pointed 
orystals. In the oourse of from five to ten days, according to 
the season of the year, the liqnor is exhausted os far as is 
possible by 'this means, and being drawn off, it is evaporated 
down, so 08 to preserve the residue, which forms an inferior 
white alkali. The soda crystals are almost pure oarhonato 
of Bodinm, with ten equivalents of water of cryataUisation 
(Na,CO, -f lOH^); or, in round' numbers, about S7 per cent, 
of carbonate of sodfium and 63 per cent, of water, lius is as 
pure as it can be made in such largo quairtities as ore. required- 
in commerce, and, accordingly, the description of the manufao- 
tiga of the carbonate of sodium stops at tide point. 

Cansti'* soda is also made now on a conudeiuble aoale at the 
chemical works, as there is an increasing demand for it on the 
part of bleachers and soap-boUers. It is the hydMte of aodinm 
(NaHO), and is made from the black ash, or aoda oah, already 
described, by dissolving it in sufficient water to produce a 
liquor of a speoifio gravity of about 1*1, which is then put into 
a large vessel, and stirred actively while lime-water is being 
gradnaUy added to it. After abont half an hour it is left at 
rest, the decomposition having been completed; and the lime, 
having taken np the carbonic acid of the soda, is gradnaUy 
deposited in the condition of carbonate of Ume at the bottom of 
the receiver. The soda liquors, being drawn off into boilm,' 
are then concentrated, during the several stu^s of wMeh 
process the sulphate, chloride, and other impurities orystaUiM 
out, and are removed to perforated ladles. The re m a inin g 
liqnor is finally boiled d(^n until it is thoroughly conoentrated, 
^ is then left; to cool, when it beoomes solid. For some 
purposes the oanstio soda is 8<fid in tiie liquid state ^ and in. 
tills case the boiling is stopped when the solution Ium been 't 
raised to a specific gravity of about 1*35, at whtoh ntrength! 
it retains its Uqnid condition on coolifig. This ia cKunmonly 
called soaper’s lye. 

Bicaxbonate of sodium, or the aedd oasbonato (HaHQO,), may 
be prepared from the nmtral oarhonato altea% dMoribed, by 
mifag a chamber with the sqdu orystslii, tua then paasing 
earbonlo acid gas through The gaa he generated by t 
dpoompoeing «i»alk m limeatoU* (oidboiutiH of Ume) wito ^ 
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t'&jrdwdilotio add) ibe oUociiie eombining with tha lime nad 
vfiAdi^r tlm oerboBio udd. Xstiuooaqieof^tofoaHeendi^^ 
'^exporare to the eotim of thie gu, the aode er^etaia wSl hare 
^taSwn np a aeooad Mpiiraleat ci oarbonio acid, aad ihiui hare 
beoome a biearbimatfc It will be aeen, by a aomparisoii of ^ 
^emaoal Idnndm, tint 1110 relatiTe proportion of the oarinmio 
add to the eoda it dmhle that given above for tin earbonete 
of aodinin. 3 Se bfoaibonate it then gently heated for the 
pnrpoae of drying it, and ground to a fine powder. Caro 
untt he taken not to make it too hot, or tite oarbonio acid will 
be driven oS again, and it will be reduced to a oarbonate. 

Sodar^ka asst always be aitnated in plaoei where aalt, 
anlphuTi Uamatoite, and oeal can be obtained on favourable terme, 
and alto where thm is plen]^ of waste land fen depoaiting the 
refuse. Ihe quantity of tiiie ia ao great that large mounds of 
Ut are always to be seen in the neighbourhood of ^e works, 
land it would be greatly to the advimtage of the tradeif a mesne 
rd ntiHaittg it oould be found. 

The pyrites, now ao largely xued, consiet of thgenlphurete of 
iron and oepper, 'and tite lattv meW is freqnentiy in anffioiont 
quantity to be worth extraoting. Copper>works are accordingly 
riaing tide by tide with the eoda-worke, and are usually carried 
on in oonjunotion with the latter, no lees than 7,600 tone of 
copper having been made in 1869 from the pyrites need in the 
mannfactnre of eoda. This represents one.eighth of ihe whole 
quantity tf copper smelted annually fat this country, and tux- 
. niahei one inatanoe amongst many of how one indnetry reaicts 
upon another 


PRACTICMi PERSPECTIVE.—II. 

Fio. 7.—‘The object of this illnstration ie to show that all lines 
which in Natwre are at right angles to the plane ef the picture 
must in the d/rawing eomierge to the centre of vision. 

But little argnment will be required to convince the stndent 
of this. He will have noticed how the metals on a r^way 
seam to meet in the diatanoe, and how the two sides of the 
pavement of a long etreet converge: he can, in foot, aoarooly 
oast hia aye around without being impreaeed with thia fact. 

Fig. 8.~It will be olear then, that aa a line which ia at right 
angles to the plane of the picture ia drawn to the oentre of 
vision, any point which moves away from na, in a atnught lino 
from the foreground to the distance, will travel in enoh a line. 

The etndent who haa followed the oourse laid down in other 
leaSfma in this work, will have learnt how to conetmot eoalee 
of different proportiona; but to othera it will be neoeseaiy to 
explain, that as but few objects arc drawn of their real tise, a 
method is^adopted by wUch their different parts, etc., ehall be 
kept in a oertean proportion to those of tiie object ita^; this is 
oalled ** draw^ to a given aoele.” • 

Thna, if it ia said tiiat aa obj^ ia drawn to the scale of 1 
inch to the foot," it is meant that whatever ia 1 foot long in the 
objeoft ia repceacnted by 1 inch in the drawing, and thna the 
repreaen^ticn will be one-twelfth of the real size. 

How la Fig. 8 tile scale adopted is of aa inob to the foot. 

The eye of the apeotator ia supposed to be $ feet above the 
ground, and 11 feet distant from the picture. To represent 
thia—. 

Bmw the pioture-line, r i, and the hoiizbntal line, B L, at 
5 feet (tiiat is, | of aa Inoh) above it. * 

Flaoe the oentre of vision, c, anywhere (in this case) on the 
horiaontal Hue. 

The epeetator ia to he 11 feet distant; therefore aet off 
11 feet on eaoh si4e of c, and the points of distance, f d, will 
be thus obtained. 

Now let it b« requited to find the perspective position of 
a p<m4 which ia 9 feet on the ld(t tide of the speoUtor, and 
3 feet hack; or aa it is called, 2 feet wttXIn the pictuie. 

’Whenever a point in the distance is tc be found, it is neces. 
enry, in tiie find inetaaoe, to aaoertein its exact place in the 
foreground} titus, barfing .drawn the petpendionlar, c a, eet off 
^»n a, 9 feet alqng pionaedine; thm a' ie the position of 
the point at 9 feet ojU tite left of the apeotator; but ae yet it is 
imtbaok ill the 

vjfew it will be dear, that aa thigpokii rnovea direct^ badc- 
enli^it win travel ia a line at riiddi aaglee to the pietundine, 
apAfitii madi a liiw win raaiah in tiw oaitM ot vi^ 


Therefore, from A'draw a line to 0, whidi will be tiie perapeo* 
tive repreieatatioa of a line maainl diteetiy badewatd into tiia 
distance. 

But it is required that the peint in qaeetion shall be not only 
9 feet on the left of tiie epeotetor, but 8 feet within ike picture. 

■ To find its petition, t)^, set off 2 feet on the right of k !— 
via., point 2; and from 2 &ww a hue to the point of diatanoe, 
PD. 

Then 2* will be tiie required potitimi of the point-^vii., 9 feet 
on the left of the apeotator, and 2 feet witUn the pioture. 

Now let it be required to find the pen^eotive positicn of 
a pomt which ia 9 feet on the left of the ape^tor and'/our feet 
within the picture. 

This is simply the same point, which ia suppoaed to have 
travelled 2 feet farther back; therefore, from a' eet off point 4 
(that ia, <wo feet added to the former 2), and draw a line from 4 
to the point of distanoe; then 4' will be the perspective position 
of the point. 

Proceed in the same manner to find the position of the same 
point when it haa travellod 6 and 8 feet backward, and '^us 
obtain points 6' and 8'. * 

Fig. 9.—Now let it be required to find the potition and appa> 
rent height of a perpendicular, the real height of whiotiNe 12 
feet, when it stands at 9 feet on the right of the spectator, 
and 2 feet within the picture. 

At B, 9 feet on the right of A, draw a perpendicular, B d, 
12 feet high by ecale; and from the top and bottom of it draw 
lines to the centre of vision. This would represent a ivaU or 
plane extending from ijho foreground into the distanoe. 

Now it ia olear that the required perpendicular will be some* 
where in this plane; the question is, where f 

This is solved by the application of the last study. Set off 
from B 2 feet along the piotare.]ine—via., point 2; from 2 (^w 
a line to the point of distance, and this 1^, cutting b c in 2*, 
will give the position of the line. 

At 2' draw a perpendicular meeting tiie line X> c, and this wil 
be tiie line r«piired—^whioh, it will be observed, hM diminished, 
because it is a little distance book in the picture. 

Proceed in the same manner to find the position of the same 
perpendicular when it ia at 4, 6, and 8 feet wii^ the picture. 

ExzBcian 1. 

The height of the spootator is 6 feet, the souls being ^ of on inch to 
the foot; the distance of the eye is 13 feet. 

Find tiie poeitioue of the foUowing points:— 

(1.) 11 fest on the right of the spectator, and 3 feet within the 
pioture. 

' (8.) 8 feet on the right of the spectator, and 6 feat within the 
pioture. 

(3.) 10 feet on the left of the qwetator, wed 7 feet within the 
pietuxe, 

j^4.) 3 feet on the left of tiie siiectator, and 12 feet witiiin the 
pioture. 

>ExXBCI8E 2. 

The spectator is 5 fsst high, and 15 fsat distant from the picture. 

Find the position and perspective heights of the following peipan- 
dioulare t— 

(1.) 8 feet on the left of the spectator, 10 fset high, wid 8 t»ek 
within the picture. 

(8.) 12 feet on the left of the apeotator, 11 feet high, and 6 fsst 
within the picture, ' 

(3.) IS feet on the right of the apeotator, 12 feet high, and lOleat 
withiu the picture. 

(4.) 11 feet on the right of the spectator, 4 feet hi^ and 8 feet 
within the pioture. 

Now this study will show the method of solving a question 
which has often been given in examinations—namtiy, that cf 
finding tbe petition of a bird dying at a certain ditiiuoa feom 
the speotator, and at a given height. 

Let ns auppoee the meaanreiaents to be fbeae:—^I^istanoe on 
right of apeotidior, 9 feet; htight from ground, 12 feet; diatanoe 
back in the picture, 20 

No# it be dear to the atndant tiiat if a bird flyity' held 
in its talons a line with a weight at ite end, anoh line wodd he 
a tme petpendionlair to the jprannd, the bhd bting at iU appee 
extremity, end t^ug the whole question regolveg itn^ into wig > 
Fatfnto pergpe^e a petptiidieakr 9 feet on titii ziiHat of tte 
gpectator, 12 feet high, end 2 feat within the piatnze. 

To do tiiia we iiiiQilk retnm to Fig. 0. . 

Here are have alzea^ drawn a perpendioulaiv BB, at i^feet pa 



FBAOnCAL P BB8P ECT 1 V M . 




the the spectetor, aqja 12 feet hijgli, and w« lure dmvn 

Itgaa from iti extNimtleB to o. 

It now only remaini to eet off 20 feet alonf( the piotoie-Iine 
from B. aiaiely, B 20, and from 20 draw a line to the point of 
distonoe. This will give the point h, which ie the poeition of the 
perpendiooloT to he drawn on t to meet d fi in c, 

Tbtm e ie the poeition of the bird, u required. 

Fig. 10,—It ie not neoeesaiy in every oaee to ehow both the 
pointe <ff dietaaoe; thne, ae in thle stndy—a line on the right 
eide of the qwetator—we ean diepenee with the left-hand point 
of distance. Here the height of the eye of the speotator in 6 
feet (I Bcale), and Ida dietanoe 18 feet. 

The enbjetct ofHhia etndy ie a line wMoh liee at mght angles 
to the plane of the piotnre, at 12 feet on the right of the q>eo- 
^ator, and 4 feet back in the pktnre, the length oS the line itself 
being 6 feet. 

From a, the point immediately under the centre of vision, set 
off 12 feet, namely, to b, and draw a line to c. 

From B, towards a, set off 4 feet, namely, to o', and draw a 
line to the pmnt of dis^nce. Hus wiU give the point e. 


between these twio lines. Now from b mark off b S, B S, and 
B 7, representing the duttknoes at which the line is to he pUmed. 
From each of these points draw lines to the point dfetance, 
ontting B c in 2', S', and 

From these poinfe draw lines poxallel to c' b, aid oontnlaed 
between n o and c' c. These will be the perspective repressn- 
tations of the line o' b at the dfetanoes of 2, S, and 7 feet wiihin 
the picture. 

Bxbbcibx 4. 

Sosie I inoh to the foot. Height of the speetator, 6 fset; end liis 
distaeoe, 15 fmt. 

Put into pnnpsoUre a line 6 feet long, when bring pamllal to the 
picture-plane, at the fchowlng distaacM 

(1.) When one eud is at 8 feet on the left of the epeotstor, and 
the line is 4 leet within tin piotaia 
(2.) When one end is et S fast on the right of the speotstor, sad 
the line is at 10 fast back. 

Fig. 12 shows three squares, (1), (2), <3), lying flat on the 
ground, their front and bMk lines being parallel to the plane of 
the piotnre, and their sides at right anglM to it. 



Frdm o' set off 6 feet on the picture-line, namely, to d, and 
draw a line from d to the point nf distanos, cutting b c in d. 

Join 0 d, and this wUl represent the line in the porspootive 
position required. 

Exxboisz 3. 

The height of the speotator is 5 Aet, sod his distance 15 feet (icsle, 

\ inch to the foot). 

Give the peispe^ive prajeotiaiu Of the following lines, lying at right 
angles to the pictnie-plane i— 

(1.) 7 feat long, at 10 feet on the left of the epectator, and 2 feet 
within the detnre. 

(2.) 9 feet long, 6 feat on the left of the speetator, and 4 feet within 
thepiotun. 

<8.) lOf feet long, 7 .feet on the right of the speotator, and 6 
feet within tlie picture. ' 

<4.) 8 feet long, 0 feet on the right of the qrectator, and 2 feat 
within the pietnie. 

Fig. It.—The scale in this study is ^ of an inch to the foot. 
Hie height of the spectator is 6 fed, the distance 18 feet. 

Here a line, b o', 8 feet long, ^ in the immediate fere- 
gronnd, ^e end s being 6 feet on the left pf the speotator. 

‘Xtisreqdrqd to pat this line into perspective when lying at 
3, 5, and 7 fed wii^ tiie piotnre. 

IVom B and o' draw lines to the centre of vidon, and os the 
line B o' is to izavel bsfAnrard, bnt remain parallel to the pio- 
tai».line, it mnst, however it may change position, be oontafaied | 


Here the eyo of the spectator is 5 fed above the ground (or 
picture) line, and the distance is 11 fed (J sosie). 

'The sides of the squares are 4 fed, o' and d are S fed on the 
left and right of the speotater, whfld y o is immediately in 
fnmt. 

Having drawn lines from B, o'; f, a ; and D, x to the centre of 
vision, between which the squares mud be contained, the next 
question is how to find the place for the book line of each. 

The general method of finding the xxwition of a horizontal 
line at any given distance has been shown in the last figure, aud 
this could bo applied in the present study—namely, by sdt^ 
off from o' the distance c, eqnd to the length of the required side 
of the square, and drawing from e a line to the point of distanoe. 
This would be the method to be pursued for any reotangfe; but 
for a square an easier mdhod can be found, by whudi the 
trouble of markiiig the point e can be saved—^namely, by draw¬ 
ing a line from c' to the iioint of distanoe, which, by cutting 
BO in d, win give a point immediately opposite to s', a^ a hori¬ 
zontal line drawn from this point wiU complete the figure. 

This is again shown in Fig. 12 (2), (3). 'Tt is not really imoes- 
sary in (2) to draw si line to each of the points of ^stance, 
bat in early studies it is best to do so as an additional test of 


aooniaqy. 


&XBCtBX S. 


Scale I inch to the foot, 
of sps^tor, 16 fact. 


Heithi of speetator, 8 tsst; sad distonoe 
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l»to pdnpMtin tlsM ■«*>■>■■ l^iiv S*t 'OB iho fMOBd irttb 
thair £rotit«ttd<UiteBit<«dtM7andfadtoilMpl«B«of tbapiitaM. ' 

(1.) i fMt rido, Iniooffilatolj in bost of tlM •pectator and in |ha 
toraftoond. ” 

(S.) 4 not tiS», nt fi taet on iha l«{t of tlio ipaatatdT, nd 6 feet 
witikiB <tlie fdet^. 

(&) 6^ (S fleet'dfedtM) lido wbto lySiig it 6 feet on the riyht Of 
tbe qMotKtor, and t feet witbin the pietnre. 

Foe Fig. hoiglit and diatanoe.of the speotator aeo the 

Baate ai to the lart flgrm (Fig. 12). 

Fig. 13 (1) ia a aqiiaro\>f 4 feet cade, etandtoff on one of ita 
edges, its.a^aee being parallol to the piotaro>plano, aafl its 
neamet ai4^, S, being 5 feet on the left of ihe epeotatw. 

Jim thetp wdl be no diffionlty in oonstmoti)^ this original 
aqiiate, V s s c', we can therefoio at onee pcooeed to find its 
poeiricm and eiee when removed 11 feet witton the pietnre. 

From a' and s draw Itoei to the centre of vision. From B 
set off on the piotnre'line the length b' (11 feet), and from that 
point draw a line to tiio point of distance, ontting B c in 

At h draw the h(»izoi^ line 6 a, whioh will be the base of 
the square at the required dietance. Now, knowing the figure 
to be a square parallel to the plane of the picture, we could 
easily complete this study by constructing a square on a h, 
os in Fig. 13 (2). Bnt tUs method would apply to a square 
only, and if any ot^r parallelogtam were requii^, we should 
have to obtain the size by the following process:— 

At a and 6 erect x>eri>endiculars of any height (temporarily). 
Draw lines from the nppw angles c' and n of the square or 
other parallelogram to the centre of the picture; then these, 
ontting the distant perpendionlars, will give the points e, d ; and 
these joined will oompl^ the square at the required distance. 

Exkbcibe 6 . 

Seals, inch to the foot; height of spectator, 6 feet; distonoe 
18 feet. 

Fnt into perepeotive a square of 9 feet side, when standing with its 
BUifaoe parallel to'the ptoture-plano. 

(1.) ISrhen in the foregTOBS^at 7 feet on the left of the spectator. 

(2.) 'When at S feet on the left of the spectator, and 10 feet withm 
the platare. 

Fig. 18 (8).— In this study the square is rotated on the line 
ijj' C," so that its surface is at right angles to the pioture-plane. 

Having erected the perpendionlar a' c", at (say) 9 feet on the 
right of toe speotator, draw lines from im eictremos to the centre 
of vision. From A* mark off on toe piotnre.line the length a" b' 
equal to the side of the square; and from b' draw a lino to the 
point of distanee. (This, cutting the linO'A" o in b", will give 
toe point for toe dfetant edge b" s" of the square. 

Fig. 13 (4) is toe same figure removed to 13 feet within the 
picture. As toe working is toown, and as too method is similar 
to what has already been done, it ia hoped that toe student will 
bo able to obtain tlm required result Witoout further instmotions. 

Exbbcisk 7. 

fiosle ^ inch to toe foot) height of spectator. 5 feet; diitauoe, IS 
feet. 

Fut tote penqisottre toe iqnatee, the dimensions of whioh are given 
btonr, when stuidiagat toellated distanoee; toe plane (or snrfeoe) 
of the square tobtin mury eau at ri«hi angtu to Ihe pieture-plane. 

fl.) 3 feet side, at 2 feet on the left of the spectator. 

(A) 8 feet side, at 7 feet on toe left of the eiicctator. end 6 
feet witoto toe pleture. 

(&) 4 feet side, at 8 feet on toe right of toe spectator, and 2 feet 
witoin toe plctnM. 

(4.) 7 feet tide, at 8 feet on toe right of too sijectator, and 6 
feet irifiUn the pfetme. 


WEAP02«S OP WAR.—VI. 

BT AB OrrtOBB or' TKB BOTAL ABTII,1.XBT. 
BBEXbB<Z<OADIKO' fflCAfiL ABUS (eonUniMd). 

Ih a former paper we have treated tff toe feanmtion from mnzsie- 
loading to bie^-loa^bagrifleB for Bulitatiy use, and have shown 
Iww this was Moomplitoed 3a oar own* jservloe, by toe idmple 
a|4 eatfelaotBry expedteat of fittoig -fito Enfield rifle wito an 
•ttKVWBent witoh feihgoitted of it* bahtg loaded at toe breech, 
M >d prav i^^ it with a suitable avi .ingeaioas bneeh^load^ 
eombiiiatom ^ves as an arm about equal to toe 
liSt in a h ootia y poWBr, bn* noze deatcnoiive, in 


oonsequenoe eff toe ampkynent of a hollow bnEet, and Miiable 
of greatly increased rapidity of fire. Sot it wfet (dear toait we 
bad not here toe final and oonvlete solnti^ of toe ^pMitoni. 
The shooting power of the old Enfield is not of-a enfitotmtlF 
high oheiaoter to satisfy toe reqnirentento of presenhan. 
Since 1853, when this weapon was introdnoed, vent stiMea 
have been mode in arms of pteoiaioo; and tog Eito^ tlfie' is 
now nnable to hold its own against the, small'boTe i^ea whioh 
snrpsAB it in aconracy, range, flatness of brajeotory, penetntive 
power, and other voluble qualities. So also wito r^pnid to too 
breeeh action: many minds have been at work on this qqqatiott 
foe several years, and the result is that there exist severalbresob 
mechanisms which are os superior to the Snider an,the small* 
bore.rifle is superior to toe la^ bore. 

Therefore, it became a recognised necessity for the ndlitBry, 
autoorities to look beyond their converted ^der-Enflelds to a 
new arm for future manufacture. It would oooupy too much 
space if we were to attempt to describe the steps imd experi* 
ments which have finally resulted in toe adoption of a composite 
arm—the Martini-Henry rifle. This arm hM toe form of barrel 
designed by Mr. Alexander Henry, of Edinburgh—^vie., a poly¬ 
gon^ bai-rel, toe angles of which are broken by rilw^bioh 
create re-entering angles, too inscribing oirolo tongentiafw toe 
ribs being described wito toe some radius os the insoribing 
circle tangential to toe plane sides. The twist of rifling is 1 
tom in 22 inches. The calibre is ‘45 inch. Admirable results 
have been obtained with those barrels, which are now very 
generally adopted by military rifle-makers, who fit on to them 
different broooh-actioqs, aooosding to their fancy. The initial 
velocity of the rifle, wito a charge of '85 grains, is about 1,365 
feet per second, against 1,250 for the Snider’; this, taken in 
conjunction wito the fact that the bullets arc of toe same weight 
(480 grains), but that the Henry bullet, is of less diameter than 
that of the Snider, results in a considerably flatter trajectory 
on the port of the Henry ballet, in greater range and in greater 
aconracy. Also, too Henry bullet is less affected by wind. 

What breech-action should be fitted to this barrel to render it 
a perfect arm P • This question has given rise to immense dis¬ 
cussion and to innumerable experiments. Mr. Henry himself 
had a breech-action of great merit, which some persons thought 
it would be well t6 employ. But the question was directed to 
be settled experimentally, and the result of toe .experiments was 
-that the Henry breeeh moohanism .had to yield the pabn to a 
mechanism designed by Mr. Martini, a naturalised Swisssubjeot. 
This action is bost described by the drawings given in page 336. 

The action consists, as wjll be observed, of a faUing block, 
hinged upon a pin whioh passes through its roar end, toe recoil 
being taken by too iron framework at the book. Inside this 
block is situated toe striker, by means of which too oartridgo 
is exploded, and toe strong spiral spring by moans of which 
toe striker is actuated. block is raised and lowfred by a 
lever, which in toe act of lowering too block also oompresses 
toe spring, thereby bringing toe rifle to full oook; and the^ont 
end of the block striking smartly upon the Iwnt lever, toe 
extiaetor ejects toe empty cartridge. 'When toe fresh oartridge 
has been introdnoed, toe block is returned to its plaee by toe 
return movement of the lever, and the arm is ready for fl^g; 
or, if it be not desired to fire it immediately, toere ia a amall 
safety-bolt, easily maiupnlated*by the fore-finger «nd toomb, 
which serves to look toe arm, and prevent it from going off. 
Also, the gun is provided wito an “indicator” at toe aide, to- 
show when it is cooked. The indicator, being atbaohed to toe 
“tumbler,” moves wito it and parallel to it; and aa the arm 
cannot be cooked unleae the tumbler he in a certain poeition, 
toe indicator ahowa infallibly ita condition. 

The tests whioh toe Hattini-Hemy breeoh-aetioB hag tmder- 
gona have been extraordinarily aevere, Vtoongh acaroely more 
B» than toe oritioiBm to which it haia been subjected. IRua 
eti^Bm has, howevar, had this good effect: if it haa abma- 
wi&t interfered with the earl^ adoption of this arm, ly xen> 
deriag neoea^^ oontmued tmtia, it hSA throngh them tttola* 
fully estabHued toe extraordinary merita of the In^h-wfli^. 
At fiiat tiie objection was urged that, althongh one or two ehow 
apeoimeaB, prepared afteoiaSy for trial, might anooeedln 
ing auto teats as too Oomraittee were able to tmpem, tha aam*, 
if placed la the haada of toe troopa, btmk' 

dbwB. To ateei toia,'2<>0 ICartiai-He^'riiBeB wm iBaaMlto tjw' 
troepst who for al>^ * yam atdaheif liemhnd.tlilIttmMm. 

# 
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ttUL. X9 m) imrall xC triala, oanied aa i& aS olimitaa, 
tnm iCa^ '^ 'Oaiaadih io all ‘^aatltem, and under 4^ aocta of 
omnUMfU ii a oiea, lias to elieit most favontable reports of the 
ar^: iXhen it nas urged that at any rate the arrangements 
oC'^1^.bHae4diirere meehanlOally defeotiye; that no m eehan in al 
engltiiieroinild hare aig'doubt <m this pdint; that a meohanism 
raoiei^ ttnmeohanioal oonld not oontiana to give reliable and 
satiBlaotbry'rssalts. Aooordingly,the evidence was taken of, 
thteh very eminent meohanioal engineers—^Professor Pole, Mr. 
Kaaiayth, and Mr, Woods. These gpentlemen, instead of pro- 
nonndng a oondemnatioa of the mechanism, declared that it is 
an’ exce&ent piece of work, and iiassed high cnoominms on its 
simplicity, strength, and efficiency. The critioism that os the 
reo^ is taken by the breech axis pin, that pin must neces¬ 
sarily wear away or break in time, they met by the statement 
that the leooil k not taken by the pin at all, bnt by the 
socket behind the blook, whence it is transmitted through- 
out the whole system of the rifle, the weight of which is thus 
brought to reskt it; and this statement they supported by 
reference to a very simple experiment, in which the block axis 
pin bad iieen replaced by one of lead, on which no mark of 
any reml was perceptible. In another instance the gun was 
workediporfeotly without any pin at all. The spiral .spring 
has been a prominent point of attack. It bos constituted, so 
to speak, the citadel of tho system, and against it ell tho main 
efforts of the opponents of the arm hove been dircoted. One 
inventor of a rival broeoh-action based his claim mainly on the 
substitution in his system of a flat for a spiral spring. This 
objection the meohauioal engineers mot very decidedly. For 
the purpose for whiuh it is required in thiSi gun—viz., to cause 
a si^er to impinge directly upon the percussion-cap of a 
fareeoh'loading cartridge—they greatly preferred lihe spiral to the 
flat spring. It is far cheaper—os a halfpouny to sixteen-ponce 
—it admits of a far more compact arrangement of ports; it 
is, notwithstanding all that has been said to tlio contrary, quite 
as reliable ns a flat spring—a point which they supported by 
quoting various well-known applics-tionH of spiral springs; it is 
qnity. as easy to make of unfform qnality in large quantities ; 
and.M for tiie statement that the spiral spring gives more of a 
pus^ than a, blow, one witness showed mathomaticaily that the 
blow which k struck by the spiral spring in the Martini-Heiuy 
is nially a quicker, smarter blow than is struck by the hammer 
of the Snider.. As to the merits generally of the spiral spring 
—the pekt which invontors of other systems have declared to 
be W the Martini—all tho mechanical witnesses agreed in 

pronenheing it thoroughly meohanioal, sound, and reliable. 
Then it has been objected that the divided stock is weaker 
than the ordinary gnn-stook. Not so, say the engineers; it 
is rather stronger; and if deeired it oan bn made stronger 
still. Not k this more theory. They appealed, to the results of 
an experiment whioh was carried out at Enfield in their presence 
to test tbk point. And so, before the independent testimony 
of thoronghly competent, indeed, dktinguislied witnesses, the 
eritiokins which have been freely indulged in by those who 
have rifles of their €>wn which they would prefer to see itrtro- 
duoed, have melted away. Whether the critioisui will therefore 
cease it is not easy to say; probably it will not. But the 
readers of these papers at any rate will have tho assurance that 
the future arm of the British eAldior, whatever may bo said 
abont it, has undergone tests and trials to which no other 
weapoji was ever submitted; thalfit has passed one ordeal after 
anottuff not merely satisfactorily, but triumphantly—^tha ordeal 
tile rigorous triak which wore instituted by lient.-Colonol 
Fktoher’s Committee, the ordeal of knocking abont and hand- 
Ungby the troops, the ordeal of two public trialB at Wimbledon, 
where tiie arm carried off the greater part of the more impor¬ 
tant breedb-looding prises; tho ordeal of public criticism; finally, 
the ordeal of a minute scrutiny at the hands of professionaL 
nktiiwiioB. H aa arm oan stand all this, and come ont nn^ 
soati^ as the Skrtiiii-Heniy has done, it k sarely a fit arm to 
pat into tiie hands of onr troops. Thk, then, k tiie future 
weafm of tim Irtish soldier—^tbe Hartini bresoh allied to the 
Bemybamd. 

The oartridge to be used with thk srm k the Boxer, bnt of a 
form different from tiiat in use with the Snider. The first 
oaiiiidgea made for tiie were very long, the small 

dknteter <St the bamlsuid the large charge of powder rendsis 
ing heoessaigr tiik length eo kog ae the i^lkdrioal form of 


osrtridge was retsined. To tills oartridgo objeetie ide 

on aoooont of its Imgth. Accordingly the form tna asodified^ 
‘thefllubitantial features of the Boxer oanitruotion being, re¬ 
tained. In the modftod oartridge the body k enlarged.in dia¬ 
meter, and tapered down at the fore-part to the diameter of ^ 
bullet. The outliue of the cartridge k thna that of a long^ 
necked bottle, whence the name by which it k frequent^ 
known, the “ bottle-neok ” oartridge. A drawing of this “ short- 
ohambOT ” cartridge, as it k officially deaignatedr shows tiie 
details of tho oonstrnction, and it will be observed, on a oom- 
parison of thk drawing with that given in a former paper (page 
272) ot tho Boxer oartridge for the Snider, that the eonstmotion 
of the two oortridgos k practically the same. There k the thin 
ouil-o^, the iron diso base, the strengthening onp, the papim- 
maohe wad by whioh the parts are htid tog^w, the cap and 
anvil arrangement for ignition. 

But the fore-part of the oartridge k different; the mods of 
lubricating is different; the bullet (whioh k Mr. Henry’s) k 
different; tho cartridge k not covered with paper; tiie 
base is strengthened by means of ths insertion of a piece of tin 
between tho folds of the brass, thereby obviating the necessity 
for additional strengthening enps. A few words may be said 
with regard to the bullet and lubrication. The bullet k solid, 
with the exception of a shallow cavity in the base, into whioh' 
,the folds of the paper whioh envelops the bullet am iuaerted. 
At its bock end, the bullet k of the some diameter as the bore, 
viz., '45 inches. It tapers slightly, until at the shoolder the 
diameter is only '432 inches. In a former paper it has been 
explained that the main feature of tho bullet for the original 
mazzle-loaffing Minie and Enfield rifles oonsisted in the arrange¬ 
ment by which the bullet was expanded into the rifling, by the 
explosion of the charge acting upon on iron cup, or a Wooden 
plug in a hollow at tho base. Thus tho bullet entered the rifle 
fitting loosely, and loft it fitting tightly. In a breech-loader, 
however, there is no necessity for having a bnllet whioh will 
enter the barrel easily, as it is generally introdnoed into a 
chamber at the breech end, and may be made in the first in¬ 
stance of the full requisite diameter. We have seen, however, 
that Colonel Boxer in his ballet for the Snider did retain the 
plug'expansion, with a view partly to getting the requisite 
length of ballet in a large-bore rifle without any undne in- 
creoiip of weight. Bnt in the Henty rifle no snoh device is * 
Tioccssary, and Mr. Henry therefore mode his bullet of the full 
diameter of '45 inch, depending npcm such slight enlargement 
as the bnllet received by the opposition of its own inertia to 
the shock of discharge, to take np the rifling. The action of 
Mr. Henry’s buUot therefore depends upon what k known as 
the “ overtaking principle, the back end of tho bnllet eligbtly 
overtaking the fore end, owing to the inertia of tho mass in 
front, and thereby setting up, and expanding tbe ballet into 
tht grooves. 

The lubrication of this rifle k offootod by means of a oylin- 
drical wad of pure boes’-wax, placed behind the bullet, and en¬ 
closed in discs of jnte cardboard, to prevent it from striking 
eitlier to tho bnllet or to tbe powder. Thk wad was originally 
mode solid, but it was found not to not poifeotly in very cold 
weather, and it was therefore thickened and hoUowcd out in 
front, thus giving more space for the powder to act through, 
and loss work for it to do. The wad is squeezed between the 
exploded powder cliarge and the ballet, and just us the bullet 
is set up and enlargoa, so tho wax wad is set np and enlarged, 
although of eonrse ,to a for greater extent, and as it is driven 
through the bore, lubricating it offeotually. 

It remains now only for ns to say a few words with reg^ 
to the powers of the Martini-Henry lifle, using tho ammunition, 
above desoribod. The nccnracy ^ shooting of the arm is re¬ 
markably great. Tho following foots extracted from official 
records ore satisfactory upon tiiis iwint. At 300 yards, tiie 
'm,ean radial deviation of 20 shots fired from a fixod'rest, hoa 
b^ as good os '47 foot; at 500 yards, '79 feet; at 800 y^^ 
I'ao feet; at 1,000 yards, 2'19 feet; at 1,200 yards. SI-iS8 
feet. Perhaps these figures will scoroely convey to aB ear 
readers tiie impression which th^ woflld moke npontiwmiiidof 
any one who k familiar with the mode of estimating '^figurH of 
m^t ” in riflo-shooting. namely, to find ont by otioulaiaan tbe 
centre of each group of 20 shots, and to find the mean distances 
of these shots from tbk centre. Obvious!^, tiie fonaller this 
the Smaller the limits of tbe groi^, and tim more oo- 



fBE m 


AaotiiiV. 
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PntWeg tbie » popnlu tom tdi expimim, tt ween# 
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«*lieiw ftefownriar oomp 

AtSOOrda. Atseo^d*. Atl^jrOa, 

teMiK o S5’4 4t'< ttl'O. 

Cliifai^ - 88'* , *>•» «•«• 

it suieo tonf^ijgr itill, ve lieTe the fcdlon'iiig 
twike eoniMuieon of the peirfoniiaiioee of the eiflaa, aBim37:>— 

AtBODydl. ^AtSBOrd*. Atl,000rdi. 
JteHakHMUr to Snlter. m lOioat 8 to 1 ‘ 8) to 1 ^ tot. 

%CTnieipo^ . H n « 8tol 8 tol 8 tol. 

JM oe BOW tnni to the trejectory of the um. It is olndoos 



' .K wiQ he 'fibier^'&st 'CapiesMt Ihtlleii' 'iwi' Mk 
hiigtaer isitiel telebHgr «vsa'1iMik@WM^ 
hSng l^itsr <890 ecibBt 480 fltlhes|ii4l 
come ite 'SesMsgsee'et the 
Ua^Triooity. 

dieteaaei tilie MHtilOxHeiuiT luilat be ti 
velooitf «t(nel to that of Oheseepafc, sabO 
forwMd toe letter wiQ a»9ae% he kiiiiBe to ttMfltee, 

Xhe efteot ef this h^ Teloetty, QOBtoiMA Mtoe I 
and » small dhunetor, is to give ^ liBz!ttoi«H«iB 7 I 
penatraiti're power, as weQ as that kw tosiiieetoiy wUeb -liu 
beea spbkeit of. It has been fomtd by aipaeiieast llittt'the 
bullet will penetiaite ae foUowai4| tottftoeli etoi piaadceat 
100yards} Stoieediito Or balks dry, toadffittoatolwet,at 
toe — dktanoe; 1 plate of ‘881 toob iron at 800 yiida; 
4 thidcneBses of Stooh rope at 850 yards; a gabioB Oiled Wito 
day earth at 85 yarda; a aap roUm at 85 yards t a saad'baff 
at 100 yarda. 

While the aotmal aoomaey of the lfarttoi<H«Bxy dleisfsr 



Jto. 7, BoxaadRNay csatbidoe, xlxtattow. Fig. 8. boxkb-kbkkt cutTBiDax, sbction. Kg. 9. bbomoh or 
BBBXOK or XABtnin.KBBBT BtTLE, OPEK. Fig. 10. BXOTION Or BBBBOH Or XABTIH1-BBWBT BirtiB, 0LO8BD. 

.Ms; to Mttn to Kga.-ng- 8, 10 :-jl, tend ; a, body of bvaoo1i.«atloai c, Uodri 9^ mato-spriiigs e. stiiksrt r. Uook aris ptei tf, stop 
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«.trimaBd«sst aprtog; t, btodpartdf stook; w, stook-bolt; x,stoak-bolt waaber; x,Uim eatdh-aprtog} a, torer ostdi-blodcSBd 
. yi^ a,I«toiBgbalti t, UwktogboU toaub.ideeei «. toamb-pieeeaorew} d, looktogbott-apriag. 


''.'i^''toa.'iattor as arm ■boots—to other words, toe lower its 
I'^gJeetsCT mote ground will the bullet cover to its 

ffg to- Ike geiatest hai^t of toe trajbotory of the Snidnr is 
11*9 fbet to 500yarda; of the Marttoi>Henry onjy 9'8 feet. 
'Ikeipktlflal of 1|>ii ie that, enppodng two men to be 
lytogtm toefeanad. and aiming at toe feet of a body of 
'toaBiri 500 yaide dkitob, a body Of infantry might aafely oroea 
Um State taaga myni^ bftween 88 and 439 yarte toe 
iMdltoe 4ytor ote toirfr tmA, while to only from'188 to iN8 
waadswenid be aafe'^ tob ]tetoii>H«ii 7 range; and as 
foe esrafa7»teilei>>>‘t^^E**‘^ *>Ve tern 188 up to 400 yards 
toay.wMdd be sets, toeee woold on toe Marttoi-Haniy range be 
no vet tAWi aoiwtory addlw ewld paee to safety. Beyond 
j 500 yards toe aartsihina of toe IteiteBanry riile to roepeot 
totMniF eraeftte towaiwtogly.'creai^ 

4{>^^1te 8«t ptetto TSto<te'‘*j^J<l<|ieity, toat to to say, 

the faal^ Umtoi ite anitoa,' fdtowe 
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graater toim that of the Ohaecepet and Sidte, uid enormonaly 
superior to that of toe needtogmn, arideh ie by ter toe wMstarm 
of four, toe Hardni-Henry'buUet to tan eseoted ^ wind—a 
great advantage to toe marbinnaB. The oariaddfre ia atfenger 
and better than that of toe Cb aa eep ot. Urn i* 

mote than double s tons, at an offioial trial— 

The Obaasspot flied 80 mamde to 1 mtedte a sseoada . 

The ]Carti]ii>Haacy m 0 „ 48 » 

Thus fa seven pofatB-anamety, (1) fae r e a M d atrength and mMy' 
<ef ammuidton, (8) greatw aetouney. (8) le»9« 
fatter tejeotory, |5) higher panetratlire powoTi J«) jgteter 
ealety. atiengto and aiaMBeHy id flonete^ <7>jMtain»d 
rapWty sf fawt-toe liasfMG^ is toqwteie te^tetpot 
It is abm, Sltoongh to • IsM degree, swettoe ta iibte^im 
ntoetof to ee e petotS i Sawh fa toe waaptm wito wtosfcdtegdteh 
eoldfar wffl toMim.be,«aBed;'Mia ef 
made.tofayMn ‘ •■‘"J 

,T8to -tetoge te «' siaaiMMp mm0m m 

BtesMMe .. ' 
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VEGETABLE COMMERCIAL PRODUCTS.—XI. 

TSiXTILB FLAHTB, OS PI.ANTS FBOIU WHIGS WB DKBXYZ 
w- OLOTHisa AMO COSPAOB (continued). 

Thk TBlne o{ cotton in oommoroe depends on tho lon^rth and 
strength of the silk or staple. Cottons may be divided into the 
long silk and short silk. The United States generally famish 
the short silks in the greatest quantity, with the exception of 
one sort, known as the Georgia long sUk, or Seo-islond cotton, 
at which the production elsewhere is very limited. Cotton 
thseads are numbered from 1 to 300, ocoord^g to the degree of 
fineness to which they arc spun. In weaving, the cross threads 
ae woof ore shot by the machine across or at right angles to 
threads extending longitudinally, called the warp. Long silk 
cotton is generally spun into the threads for the warp, and the 
short BUk is used for the woof. 

The chief seats of the cotton monufacturo in the United 
Kingdom are Manchester, Bury, Oldham, and Glasgow. Mo^t 
of the many thousands of cotton-mills give employment to-from 
50*to' 'oven 1,500 bonds, presenting the most perfect order in 
every department. All these persons ore employed by means of 
ibo fine white silky hairs with which the Creator has clothed 
the seed of the cotton plant, in order to effect its dispersion. 


potted to Europe. The yam on reaching this country is 
manufactured into ropes, door-mats, and fioer-mattinga, which 
are far more durable than those mads from bristles. In In^, 
ooit-flbre is very generally used for ship-cordage and fishing-nete. 
In 1850 about 10,681 tons were imported into London and 
Liverpool, chiefly from Ceylon and Bombay. 

Cablitoovica Paluata, L. and P. (natural order, Fandanem), 
—This species of setOW pine is torrostiial, and bears fan-shaped 
glabrous leaves from six to fourteen foot long, and four feet iri 
breadth. It ranges from 10° N. to 2° S. latitude on the Ameri¬ 
can continent. 

Panama hats, which are distinguished from all others by oon- 
sis&g of a single piece, as weU as by their durability and flexi¬ 
bility, are so named because they are shipped through Panama, 
though a largo proportion are manufactured in Guayaquil, 
Ecuador. The finest hats ore mode in South America with fibre 
of the nnexpanded loaf, colled “ torquilla,'* from which ore also 
made very fine hammocks. 

The loaves are gathered before they unfold, all the ribs and 
coarser veins are removed, and the rest, without being separated 
from the base of the loaf, is reduced to shreds. After having 
been exposed to the sun for a day, and tied into a knot, the 
straw is immersed into boiling water until it becomes white; it 


and which the ingenuity and skill of man now manufacture^ j is then hung up in a shady pl^o, and subsoquontly bleached for 


into clothing for many millions 

of the human race. ^ 

JiTTB, or Gunny PiDEE, is the jj& 

produce of Corehorus capsularia, 

L. (natural order, TUiaceui), on * 

annual, growing from twelve to 
fourteen feet high. 

The fibre which is contained 
in the bark is genomliy about 
eight feet in length, and is 
obtained by treatment very 
similar to that adopted with 
the flax and hemp plants. Jute 
fibre is fine, and has a remark- 
able satiny lustre, so that it is 
sometimes mixed with the silk in f ! 

the fabrication of cheap satins, / 

and is very difficult to detect / 

in the go^s. Its chief use, / 

however, is for making coarse i 

canvas, or gunny, as it is called 'W 

in In^. Bice, oil-seeds, dye- S J 

stuffs, cotton, and sugar, are all f ' 

sent to us from India in gunny 

bags or bales. When wet, jute - leaf of I'he ( 

fibre quickly rota, so that it is 

not adapted for the manufacture of either sail-cloth or cordage; 
but notwithstanding this, it is often .mixed with hemp for the 
latter. The quantity imported in 1863 was 2,182,521 cwt. 

Kxw ZSAIAMD Flax (Phomiium tenax, Forat.; natural order, 
LiUaeecc ).—A coarse' growing plant, with long narrow leaves, 
the slender fibres of which glisten like silk, and are white as 
■now. Its flowers are of a brownish-red colour, and not at all 
ornamental. • 

This plant inhabits the marshes of Now Zealand, but grows 
well in any soil; and in mild fiUmates, suoh as the south of 
PVaaoe, winters in tho open air. It afibrds a fibre of great 
strongtii, stronger than hemp, which is extracted by maceration, 
drying, and heckling, as in the caso of tho other products. 
Good ropes can be made from the coarser, and very fine linen 


LEAF OF I'HE CASTOE-OII, TREE. 


two or three days. The straw 
(paja) is now re^y for use, and 
in this state is sent to different 
places, where tho Indians mann- 
factnre from it hats, hammocks, 
and those beautiful oigar-oasee 
which cost 08 much as five and 
six pounds a-pieoe. Tho plaiting 
ef tho hat is done on a block, 
which is placed upon the knees ; 
it is commenced at the crown and 
finished at the brim. Aooord- 
^ quality of the hats, 
more or loss time is occupied in 
^ their completion; tho coarser 
ones may be finished in two or 
three days, while the finest take 

The average export from 
Guayaquil has boon in tho past 
six years from 15,000 to 16,000 
” dozens annually, tho price vary¬ 

ing from 2 to 130 dollars, ao- 
oording to fineness. Lately the 
LSTOB-OII. TREE. loaves or rqw material have been 

in demand for export, tho average 
quantify shipped beii g about 200 to 250 owt. annually. 

These hats are also made in Veraguas, Wostern Panama, 
Costa Bicu, and Now Granada. Tho petioles of the loaf are 
made into baskets, oalled petaeas, tbo fibre being variously dyed. 

Manilla Heup (Musa textiUa, Toumef.; natural order, 
Musacecc) produces a woody fibre, which is used in India in the 
manufaoture of fino muslins ; the most exquisite textile fabrics 
and tho elegant Manilla bats are manufactured from it. 

II.—OLEAQINOUS PBAMTH, OB PLANTS ylBLDINO VALUABLE 

OILS. 

Oil is of tho greatest importance in tho arts. It is extensively 
used for burning in lamps, for diminishing friction in machteery, 
for making candles and soaps, in tho manufacture of paints and 


from the finer fibres. The quantities imported are at present vamisbes, and in wool-dressing—^five gallons of oUve, rapeseed. 


teconsidetable, owing to tiio oiroumstanoe that the strength of 
the fibre is injured by maceration. No maobinery bos yot boon 
eontrived which can approach or oven imitate the dexterity of 
the native women in separatiug tho fibre from tbo coarser ports. 
New Zealand flax fibre will not bear a cross strain, and therefore 
cannot be tied into a knot without breaking. 


or other oils being used in the preparation of every pock of 
wool——also as an article of food, and as medicine. Oils are dia- 
ting^isbed into two kinds: fixed or fat oils—which are obtained 
by preasnze from the fruits or seeds of plants—and essential 
ails. The fixed oile bum with a clour white %h^ and boil at 
a hi g h temperatnro, about 600° F.; most are liquid at the ordi- 


O oy-iriBB B (doeos nueifera, L.; natural order, Palmaeem ).— nary temperature, but cocoa-nut and palm oils are solid at 60° 
nBTfibre is obtained from the outer husk of the cocoa-nut. It or 00° F. All tho fixed oils are nearly inodorous, and lighter 


is stronger than hemp, and more capable Of withstanding the 
action d water. It it separated from the busk by beating, and 
then deaued by heckling in the nsnal manner. The coir-fibre 
tima proenred is span Iw the nativm of India and Ceylon into 


yann of different lengte and fhiolmeBS, which are lugdy ax- yield the oib of oorameroe:— 


than water. The volatile or casontial oils give off vaponx at 
the temperature ofi boiling water when with water, or 

nnder 320° F. by themselves. 

The following are a few of the most important plants whidi 


TOT.. I. 
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(<0 jppw flIliB. 

, ia prineipally prodnood £rom dto fenit of JBIoia 
. . » BatiTe of the wwteni oout of Afrioa. The 

fnit ia aboat tbo aize of an olive, of a yellovr oolooz, tbree- 
fonitba of which oonaiat of a yellow oily pulp. Thia fmit ia 
ernahed and fiie ezttaoted from the idhnmen boiling in 
water. Palm cdl ia naod in England prinoipi^ in Idie mana- 
fiMtnre of yellow aoap, bat with the Afrioana it ia an article of 
food. A generation ago large traota of coantry on the weatem 
ooaat of ^cioa were covered by the oil pidm, thtin little oared 
for: now a large foreign demand for palm oil haa sprang ap, 
and with it property in these trees; and thia oil trade haa 
stopped tile slaTO trade on the Qold ooaat, where it once Aon- 
rioh^ and at Ue month of the Niger. The average imports of 
palm oil into Idverpool alone have been for several yoara past 
upwards of 18,000 tons, {pving employment to 30,000 people. In 
1808 the palm oil imported into the United Kingdom amoanted 
to 960,059 owt. Indastry and a desire of aeoamnlating pro. 
pmty am at last manifest amongst the African population, and 
everywhere Wre now to be aeon on thia ooaat the germs of a 
nascent dviliaation. 

OoooipHPsJlxbis obtained from the albumen of the kemtie 
of the ooaoa.nat (Cocoa nuei/era, L.); it ia principally used for 
wi^Ung ooooa-atearine for oandles. In Trinidad and Domorara 
it is naed by the coolie labonxets os we employ batter. The 
imports in 18G8 wore 194,?52 tons, almost the whole of which 
came from Manilla and Ceylon. 

OasTOB-on. Plato (liicinva eommunts, L.; natnral order, 
FupKoriiaeem).—Thia plant, in temperate climates, ia a largo 
herbaoeoaa annual, with palmate peltate leaves, and monoecious 
flowers in terminal paniolea, the lower male, the upper female. 
The oapaules are prinkly, globose, throe-celled, with one seed in 
eaoh ooll. The aeoda are ovate, ahining, of a grey oolonr, mar¬ 
bled with black. The form of the loaf is shown in the pre¬ 


ceding page. 

The oastor-oil plant ia a native of India, Africa, and the 
West Indies. In warn climates it acquires a woody stem, and 
becomes a tree, rising in India often to a height of thirty feet. 
Nevertheless, it is still the same plant, and not entitled to bo 
oonsidered as a distinct species, although a woody perennial; 
the leaves and flowers are nnsltored, and the seed, if sown in 
temperate olimatos, produces horbaeoona plants in every rospeot 
the same aa those in common cultivation. 

Castor oil ia obtained by expression from the seeds, without 
heat, honoe it is called “cold-drawn castor oil.” The aeods, 
sown up in horsehair bags, are orushed by the aotion of heavy 
iron bmtera, and the oil, as it oozes out, is caught in troughs 
and conveyed to receivers, whence it is bottled for use. Castor 
oil is brought over from the East Indies in small tin oases, 
olosely soldered, and pookod in boxes, weighing about 2 cwt. 
eaoh. In 1858, 23,597 owt. were imported into the United 
Kingdom. Castor oil is much used in medioine, aa a mild and 
certain purgative. 

Qpiyi ,ChL (Olea Swropaiot, L.; natnral order, OZcacem).— 
Tlie olive-tree is a small evergreen, muoh branohod, and covered 
with a greyish bark. The olive itself ia a drupe or stone fmit, 
with a fleshy covering, about the size, ahapo, and oolour of a 
damaon. 'Whan ripe this fleshy coveting contains aa ahundanoe 
of oHre oil, which it yields by expression. 

The (dive is indigenona to Palestine, Qseooo, and the alopea 
of the Atlas Mountaina in Alrioo. It is now widely diffused in 
Europe, and is cultivated with great success in Iti^, Spain, the 
Bontijiflf Fraaoeb Noplea, Sioily, Southern Illyria, Lombardy, and 


Dalmatia. 


The olives an gathered when neatly ripe, and the oil is drawn 
from them by preoaea and mills, oare being taken to set the mill- 
atonea so wide apart tiu^t they will not emsh the nnt of the 
fimit. l^e pulp la tiien aubjeoted to a gentle pressure, iu bags 
made*^ of nahea, and tiio best or virgin oil flows first. A aeoond 
oil, of inferior quality, but fit for table nse, is obtidned by moia- 
tailing with water the reiddaam, breaking the nuts, and inoieoaing 
the pceaanre; lastly, mine water is added, and tiia residnum ia 
; again re-preased, the prodnot being an impnre oO, fit only for 
: soap-making or for baming. Spaniah or Castila soap ia made 
by mixlag olive oil and aoda; and soft aoais by mixing tot, or 
nnsd ml, with potash. The mare of olives, aa the residnum ia 
fjjtilsd after the oil haa bean e^pnaae A ki valnaUo eitiwr « 
maaoM or as food for oattle. 


virgin ml is oallad Hoxenoe oil, and is imparted in fiaoka 
anrnhnded hjr a network formed of the leaves of a monoooty> 
ledonous plant. It is naed at the table under the nmna of salu 
oil. Gallipoli oil forma the largest portion of the olive oil bronght, 
to England; it is imported in caaka. OUve oil is latg^ naed in'i 
tins oonntty in dreasing woollen goods, and for madiinery. In.< 
1868, 17,585 tuna of thia oil were imported into the 'United. 
Kingdom. 

BlrKBBED, the seed of Braaaica nqptts, L.; natural order, 
Crite(fem. — Thia plant grows wild in many parts of England, 
and ia oultivated oxtenaively in this oonntxy, in Eranoe, ia 
Germany, for the sake of the oil proouied from its seeds. BapO; 
oil is more suitable than any other oil for the luhrioation of; 
moohinery, and ia now much used for looomotives, marine engines, 
and for burning in lamps. A single looomotive oonaumea fiomi 
90 to 100 gallons of oil annually. The oonsumption of oil by 
the London and North-'Wostem :^lway Company alone is every 
year 40,000 gallons. Good English raposeed yields an oil very 
superior to that obtained from foreign rape; nevertholesa, in 
1868, wo imported 356,884 quarters of rapeseed, and about 300 
tuns of the oil iu 1851, ohiefiy from France and Germany. 

IilirsBXD, the seed of lAnvm udlaUssimum, L,; natural order, 
Linaeem. —^Wo have already desoribed this plant, under the name 
of flax. Flax seed or linseed yields a most valuable oil, known 
& linseed oil, largely employed in tho arts, especially in painting 
and in the manufacture of printers’ ink. It becomes solid on 
exposure to the aotion of the air, or, in other words, is one of 
the drying oils. This article is always imported in the form of 
seed. In 1868 tho imports into Great Britain wore 635,528 
quarters, principally from tho East Indies and Itussia. Bm^lez 
quantities come from Prussia, Germany, Egypt, and America. 

Sbsaub (Sesamum m-ienlale, L.; natural order, PedaliacecB). 
—This is a small showy annual, indigenous to India, and to tho 
whole of Sonthom Asia, from Japan and China to tho shores of 
tho Mediterranean. In these countries it is much oultivated, 
and tho oil, yielded in abundance by the seed, is used for dressing I 
food, and as a common lamp-oil. In tliC East, this oil has some. 
oonsidorablo repute ns n softener and bcantiCer of the skin, and 
as on applioation to furfuraceons eruptions. 

Sesamo oil ia without odour, and does not easily become ranoid. 
It is frequently used for tho adulteration of balsams and Volatile f, 
oils. Largo quantities of tho seed are brought to this country 
from the East Indies and Egypt. 

Wo have now noticed the principal vegetable fixed oila. 
There are soveTal other oil-producing jdants in the market, but 
not muoh in demand at present. Tho following arc deserving 
of notice:—Croton Oil (Croton tigliwm, Lam.). This oil is a., 
valuable and most powerful purgative, capable in over-doses of' 
destroying life, and only administered ono drop at a time, in 
cases whore it is of the utmost iini>ortanco to make a speedy 
impression on tho bowels, and where the patient has dlffioulty j 
in swallowing. It is also valuable as a oounter-irritont. Croton 
oil ia obtained by expression from tho seeds. Tho common hazel- 
nut (Carylus AvelhviM, L.) yields an oil most valuable for tii»' 
delicate machinery of watches, diminishing tho friction of the | 
pinions, tho axles of the wheels, and other rapidly moving porta, ! 
whioh would otherwise wear injuriously, and speedily become' 
disordered. The oil of almond^ also is employed for the same 
purpose. Other oils ore obt^ed from cotton aoed, ground nut, 
oarthamoB aeed, eto. «t 
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LOVVIBLI. AHD BOUEN. 

LOWBLL. 

Lowell is tho principal centre of cotton mannfaetare in the 
United States, and hence ia frequently described aa “the Mobp 
oheater of .^erioa.” The story of its foundation and progreas 
forms one of the moat interesting and encouraging ohaptwa in 
^e history of modwn industry. It owes its name, its orig^, 
and ita prosperity exolnaivtiy to induatriai enterprise, and iq 
remarkable eves among* the towns of the New 'World for the 
rapidity ot its grovrth. 

The site ooonpied by the busy and thriving town ot Lcnrtii 
poaseasea few natural advantages, and tyen the watoi power 
on wl^ its pmapezity depend had, to • greatexten^ to be 
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OTWted. In 1792 a company, inoorporated under the name of 
the Looks and Canals Company, obt^ed powers to oonstmot a 
oanal for the purpose of navigation round ^e Pawtiioket falls in 
the Merrimack river, and it was many years after the completion 
of this work before it was seen that this canal could be utilised 
for manufacturing porposes. It was in 1821 tihat the project 
of establishing a cotton manufactory at Lowell took a practical 
shape. In that year several gentlemen purchased about 400 j 
aores of ground, n 9 w forming the heturt of Lowell, and built a 
factory and dwe^g-housos for the operatives. This body of 
industrial pioneers was subsequently inoorporated as the Merri¬ 
mack Company, which is still in existence, and is the largest 
of the manufacturing establishments in Lowell. Since it was 
originally constructed, the oanal has been greatly extended, and 
in 1847 it was entirely rebuilt. The main oanul is one mile 
and a half in length, sixty feet wide, and of a depth admitting 
the passage of vessels drawing eight feet of water. It is fed 
from a dam erected at the head of the Pawtucket falls, and its 
waters are distributed by means of numerous channels branching 
off in various directions, and discharging into tho Merrimack 
and Concord rivers. This canal is said to bo capable of snpply- 
ing 1,250 oubio feet of water per second, or fifty mills with 
twcuty-fivo cubic feet per second for each. 

In 1826 Lowell was incorporated, tho name bestowed upon it 
being a recognition of the serrieos rendered to tho American 
community by Francis C. Lowell, a Boston manufacturer who 
had been largely instrumental in introducing cotton manufac¬ 
ture into tho United States. The histoigf town from this 
date is oomposed, for tho most part, of tho rise and progross 
of a dozen companies or “ corporations ” for the manufooturo 
of cotton cloth. According to tho published statistics for tho 
year 1870, these companies own fifty mills containing 12,940 
looms and 526,710 spindles, and give employment to 14,898 
persons, consirtiug of 6,035 males and 8,863 females. Tho 
aggregate oajdtal stock invested in tho manufacturing com¬ 
panies of Lowell is returned at 13,650,000 dels., and tho 
wockly product at 2,240,000 yards of cotton goods, 21,667 
yards of woollen goods, 35,000 yards of carpeting, 2,500 shawls, 
and 10,900 dozens of hosiery. The raw material oonsumod 
during tho same year amounted to 612,000 pounds of cotton, 
and 07,000 pounds of clean wool per week. From a table in 
tho New American Encyolopiodia, we gather that there were 
twelve manufacturing companies in LoweU in 1860, with an 
aggregate invested capital estimated at 13,000,000 dels., employ¬ 
ing 12,507 operatives, working up 805,770 pounds of cotton, and 
91,000 pounds of clean wool per week; and producing 2,463,000 
yards of cotton goods, 44,000 yards of woollen goods, 25,000 
yards of oarpoting, and about 50 rugs par week. A com¬ 
parison of thesu figures shows that there has been but little 
increase in' tho trade duiting the intervening decode. There 
has, however, been a slight augmentation of tho population, 
which in 1860 numbered 36,827, and in 1870 had risen to 
40,937. Tho taiablo property of Lowell for the latter year 
was valued at 25,000,000 dols. Fight of the manufacturing 
companies in Lowell, including tho Morrimook, are dovotod 
entirely to the manufacture of cotton goods. One of tho 
others produces oarpots, rugs, and pantaloon stuffs, in addi¬ 
tion to ootton-doths; and anofiiet manofacturos broad-clotlis, 
doe-skins, oassimores, and shawls. The Lowell Macliino Shop, 
which was incorporated in 184if, has a capital of 600,000 dole., 
and employs 550 operatives in tho manufacture of cotton 
maohinery, locomotives, etc. j consuming 8,000 tons of wrought | 
and cast iron per annum. Tho Lowell Bleaching Company, 
which dates from 1832, has a capital of 300,000 dols., and 
employs about 270 persons in dyeing some 15,000,000 yards, 
-and bleaobing other 8,000,000 yards of clotii per annum. 

The mode of life of the operatives in Lowell is pocniiar. 
'When this spot was selected os the site of a cotton manufac¬ 
tory there were no dwelling-houses in tho vicinity to accom¬ 
modate the workmen, and the proprietors of the mills hod 
aeeordingly to supply tho want. The system then inangpurated 
is still maintained. Each of the moanfactnring eompanies 
owns from tweni^ to thirty dwelling-honses, which arc leaned 
at a nominal rent to responsible persons as boarding-houses for 
the workpeople employed at the several mills. Some of these 
boarding-houses ore bsrraoks, capable of aooommodating from 
forty to fiffy inmates. Tto sexes are lodged in separate dwell- 
fogs, and i»Jy persons employed by the company to which the 
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house belongs are eligible as boarders. The companies also 
support an hospital, for the benefit of their operatives. 4^ 
workpeople who are able to pay for the use of tho hospit^ 
however, are required to do so, and tiio employers of those 
who cannot offo^ to pay are charged with cost of their 
treatment. 

Besides tho large numufaotnring companies, there are is 
Lowell several ontorprising private firms engaged in vigions 
manufactures. A few years ago it was estimated that the 
aggregate oapitsl invested in mills and machinery by mdividnal 
proprietors amounted to 400,000 dols., and that they gave 
employment to upwards of 1,500 persons. 

There are in Lowell six banks of issne and three savings- 
banks. The amount of the deposits in tho latter was recently 
returned at 2,605,148 dols., and the number of depositors 
at 12,192. After deducting the cost of board, the average weekly 
wages of the female workers is said to be 2 dols., and that 
of tho males dole. 80 cents. There are two loan and fund 
oesooiationB, and throe insurance companies in Lowell. The 
provision modo for the religious and secular education of the 
inhabitants of this manufacturing' town probably furnishes 
even a more remarkable proof of their general prosperity than 
the statistics of the savings-banks. Thero ore no fewer than 
twenty chniohos in Lowell, or one for every 2,000 of the 
popnlation. Seven of these are Congregational, three Baptist, 
three Methodist, threo Roman Catholic, two Univorsalist, one 
Episoopalian, and one Freewill Baptist. Besides one high 
school, eight grammar schools, and throe intormodiato schools, 
Lowell possesses fifty-one sohools for primary instruction, the 
aggregate of scholars at the latter being 9,599, oniLthe average 
daily attendance 5,450. There ore several libraries in the town, 
the principal being the Mcclianics’ Association Library, wbich 
contains upwards of 6,000 volumes. During the past forty 
years, newspapers have been started in Lowell at tho rate of 
abont one per annum, and four of them ore still continued. 

Lowell is tho tiiird shiro town of Middlesex, Massaohnsetts, 
and is situated on tho Merrimack, near the mouth of the 
Concord, about fivo-and-twonty miles distant from Boston in 
a north-westerly direction. It is connected with Boston by 
tho Boston and Lowell Railroad, and with various points to 
the north by moans of several lines of railway. Tho local 
government consists of a mayor, oight aldermen, and twenty- 
four councillors. 

nODEN. 

Tho ancient city of Rouor, tho Rotliomagm of tho Romans, 
one of tho chief scats of manufooturo and trade in France, 
presents a striking contrast to tho modem town of Lowell. 
If the history of tho latter is unnsually monotonons and nn- 
ovontful, oven os compariid with other towns in the New World, 
that of tho former is certainly more rich in stirring associations 
than tho generality of the manufacturing towns of Europe, 
lljo oocupatiou of Rouen by a body of German troops, towards 
the end of 1870, is assuredly the most important ooeuirence 
tiiat has takon place there within the memory of the oldest 
inhabitant, but it can bordly bo classed among the groftt events 
in tho history of tho city. Since it was seized by Bollo and his 
followers in 842 and mado tho capital eff the Horsemen in France, 
in conformity with a treaty wrenched from Charles tho Bold, 
Rouen has changed hands several times. It was the rosidsnoo 
of the Dukes of Nbrmandy till tho year 1066, when Duke 
William mode his sucoessfol invosion of England, aud brought 
I his court over to London ; aud it oontinuod to he the capital 
of Normandy and the seat of the government of that province 
while it was in tho poBseBBion of tho Conqueror’s sucoeSHors, up 
to tho time of Richard Cceur de Lion. In 1201 Rouen was 
besieged by King Philip Augustus, and annexed to Franoe « 
along with tho greater part of tho duchy of Normandy. This 
monarch left bis mark on Rouen, for it was he who .J>ailt 
tho oolobratod cathedral of St. Ouon, one of the grandest 
speoimens of Gothic arcbitectoro in Europe, and by fat tbe 
most interesting of the many fine Gothio ohurches the city 
oan boast. Among the numeronsi-Telios preserved in the fivs- 
and-twenty richly-carved chapels of this cathedral, is the 
heart of ]&ohard Coanr du Lion. But Rouen again passed into 
t^ posseasion of the EngUsh in the first ^If of the fifteenth 
century; and it was daring their oocupanoy that tho heroio 
Jeanne Dare (commonly but imprdper^ written d’Arc) was 
burned alive as a witch in the public square where her statue 
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now atands, and wtiioli has unoo been colled in momoty of her, 
fTsce de la Puoelle. After being thirty years under too power 
of too English, Bouen was re-captured by the French in 1449, 
Next to Lyons, Bonon is the most important manufacturing 
town in France. The principal branohos of industry onltirated 
in toe city are cotton manufactures, including ohookod and 
striped cottons, commonly known as Bouenneries, ntmkeons, 
<iiinit y, laoo, ootton Telvetx, shawls, etc. It also contains ex- 
tensito manufactories for the production of hosiery, mixed silk 
and wool fabrics, blankets, flannels, hats, cordage, ootton and- 
linen yams, shot, steel, lead, chemicals, paper, etc. It is also 
noted for its sugar roflneries and potteries; and ehip-bnilding 
and machine-making ore proeeonted with groat snooeas. The 
trade of Bonon has rooohod oonsiderablo proportions. In years 
when France is favoured with a sapetabundant barvest, large 
quantities of flour of a high quality are exported; and there 
is a constant trade iu wine, sugar, and otoer French products, 
as well as in goods manufactured in the city. 

!^uen is the capital of toe department of toe Lower Seine, 
and is situated on the river Seine at a point eighty-sevon miles 
west from Paris, and seventy mUos from the sea, including 
the windings of the river. Vessels of 200 tons burden can be 
loaded at toe handsome quays which have been oonstmotod on 
toe banks of too river. The streets of the city arc narrow, 
and too houses for the most part are built of wood. Among 
the most important public buildings may be mentioned too 
Palace of Jnstice, ' he theatre, and toe Udtel do Ville. The 
latter iududes a pn^do library, containing 40,000 volumes, and 
a splendid oolleotiou of paintings. There are several literary 
and soientifio irnditutiona and sooietios, and a largo number of 
good Bohools established in too city. Bouen is toe seat of 
various judioial and administrative authorities, and espeoially 
of a Tribunal of Commerce. In 1862 toe population numbered 
'04,679, and is believed to amount at present to about 100,000. 
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THS HSCHANICAL FBINC1PLE8 OF BBIDQES: THE 
GIEDEB-THE WOODEN BEIDOE-THE A BOH. 
Bbidobb ate of very varied form and construction. A tree 
which has fallen across a stream is, perhaps, the simplest bridge, 
and from this natural bridge up to such superb stmoturos as 
span the Menai Straits, every oonoeivablo intermediate link is 
to be found. In the present lesson we shall flrst consider the 
most simple type of bridge—that of a single beam or girder— 
and afterwards examine some more complicated constructions 
of tiiis olosB. 

THE UIBDBH. 

What is known in Mechanics as a girder will be understood 
from the accompanying figure. Let 1> q (Fig. 1} bo a beam, 
whetoer 'of wood, or east-iron, or wrought-iron. This beam is 
enpported at its extromitios by a and B, and from its centre a 
w(^t is suspended. Now this weight, if not too largo for the 
. etsength of toe beam, is snpportod, and too boom is said to bo 
strain^ transversely. Inst^ of having one weight attached 
to the beam, eever^ weights might be Ihsponded from it in 
diflerwt plaora, ae in Fig. 2; or, Anally, as in Fig. 3, toe beam 
may be aeonred by having one end, r, firmly embedded in 
masonry or somo aeonre snpport, and hare a weight, w, sus¬ 
pended from too other end, t). 

Id all these oases, when a beam is strained by a foroo or 
foroee tending to break it aerosa tiansvcrsoly, the beam is 
oall^ a girder. 

Ws shall first examine toe eimplo ease of a beam supported 
at each end, and bearing a weight to too middle (Rg. 1). 
When a weight is attach^, the beam is seen to bend down a 
litUe to toe centre: as the weight is tooreasod the onrvature 
tooreases, nntil, whm the weight reaches a oertato amonnt, the 
beam breaks. 

li will be hnportant for ns to determine how toe magnitude 
of the load which will l«eak toe beam is ooimeoted with its 
dll— n e i ons tS length, hteadto, and depth. It ie manifest that 
toie kaqter a hsMn toe wesdier it is, provided its eeotion 
, tonh toe siune. It is May to prove, to fart, both bom theory 


and from experiment, that the breaking-load of a beam varies 
inversely os its length. Thus, for example, a beam of wood 
six toohes square and twenty long is only half as strong as 
a beam six inches square and ton feet long. The effort of the 
seotion of a beam upon its strength is also to be asoertatoed 
without much difiioulty. It is well known that a beam whose 
section is not square is stronger when placed edgewise than 
when placed flatwise. By actual trial, it wiU be found that if 
two perfectly similar and equal beams be taken, and that one 
beam be broken edgewise and the otoer be broken flatwise, the 
load necessary to too former ease is to too load neoessory to the 



latter ease in too proportion of too depth of the beam to its 
breadth. From this law, aud that which refers to the length, 
vro shall be able to deduce an expression for the breaking-load 
of any beam of any material, provided that its seotion bo rect¬ 
angular and constant. 

It is a well-known rule among praotioal men that a beam of 
cast-iron, one foot long and one square inch to section, is broken 
by a load of one ton: let us deduce from this rosnlt toe expres¬ 
sion for the breaking-load of any beam of cast-iron which is I 
inches long, h inches broad, and d toohes deep. 
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Fig. 2. 


A beam whose suction was ono square inch and whoso length 
was { inches would toquiro a load determined by the following 
proportion:— 

1: 12 :: 1 ton : answer. 


This proportion follows at once, from the law that the breaking- 
weight is inversely as the length: we infer, then, that for a bat 
I inches long and ono inch square the brooktog-strain is 
12 

-j- tons. 


The beam that wc have supposed is h toohes broad; it is there¬ 
fore the some as & beams, each one inch broad, and d toohes 



By the second law, a beam one tobh broad and d toohes deep 
is d times as strong as a beam d toohes broad and one tobh 
deep; and henoe the origtosl beam is bxd times as strong —a 
beam d toohes brood and one toeh deep. Bnt a beam d toohes 
broad and one inoh deep 4 d times — strong — a besm of the 
same length which is one inch square. This is evident, for we 
may nuutifestly oonoeire that d beams, one tooh sqnaxe, plaeed 
side by side arc idsntioal to strength with the solid beam wUrti 
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wonld b« formed by mokiiig them cohere together. Ihis would 
not, howover, be time of beams placed one over the other. Wo 
Infer, therefore, finally, that the beam 2 inohea long, h inohee 
bread, and d inches deep is bdxd=bd* times as strong as a 
beam of the same length and one inch square; but we liave 
already seen the strength of the latter to bo 

IS 

■y tons, 


and therefore the breaking strength of the entire beam is— 
—j— tons. 


This may be expressed in the following manner: 

area of section x depth 
iengtii. 


All the magnitudes are to bo expressed in inches, and the 
answer will bo in tons. 

Example, —To find the breaking-strain of a cast-iron beam 
twenty foot long, six inches deep, and two inchns brood. 

The area of soctioii is 

d X 2 - 12 inches, 

and therefore the answer is , 

12 X 6 

12 = 8'6 tons. 

IHio expression wo have hero dodncod for cast-iron holds also 
for other snbsUnoes, the only diilbrence being that the 
numerical co-efficient, which is 12 for cast-iron, must bo re¬ 
placed by one appropriate for the particular material of which 
the beam is composed. 

Thus, in the case of a beam of pine, the breaking-load, ex¬ 
pressed in pounds, is given by the oipreBsion— 

„ area of section x depth 

6,000 - 


For example, a piece of pine, ten feet long and six inohos 
square, has a breaking strain of 
ao X 6 

6,000 = 10,800 pounds. 

In general, the strongtii of any beam is represented by 

aran of section x depth 
® length 


The valnes of s for certain substances are given in tables 
which will bo found in treatises on Applied Moohonics. 

We have hitherto only discussed the ca.so of Fig. 1, in which 
the load is applied at the centre of tho beam. Wo have now to 
connder the ease of Fig. 2, where tho load, instead of being 
applied at one point, is distributed over several. A beam in 
this condition is always able to boor more than when tbo load 
is applied entirely at tho centre. The most important case 
wbiiffi ocenrs in practice is whore tho load is distributed 
uniformly along the beam; as, for example, when a beam, 
supported at ooeh end, has to sustain the weight of a wall of 
masonry. In such a case as this ovory inch of the length of 
the beam has the same pAssuro to support. To brook a 
beam by a load applied in this manner requires twice os 
much weight as when applied at the centre only, and thoreforo 
the preceding expression will bo applicable if the values of B 
be doubled. 

In large booms the weight of the beam itself forms often a 
large portion of tho load which it has to support, and this 
pressure is, of course, distributed along the lon^ of tbo beam. 
In foot, the dimensions of the largest beams aro limited by the 
oonsidimtion that, beyond a certain span, it is impossible to 
constmot a beam which should sustain its own weight. 

In Figs. 1 and 2 we have supposed that the ends of the heana. 
ore free, and when the beam is loaded the ends curl up slightly. 
If, however, the ends of the beams be firmly secured by being 
embedded in masonry, os the end F of the beam in Fig. 3, tho 
strength of the beam is greatly increased, and it will be found 
that nearly double '^e loud is now neoessory to break it than 
was before required. 

The beam of 8, in which the weight is suspended at one 
end while ftm other is fixed, is only on»-fourth the streugCh of 


a similar beam supported at each end and laden in the centre, 
in the manner represented in Fig. 1. 

THB WOOOXN BBIDOX. 

Wo shall now examine a few of tho simple ‘meohanlcol prin- 
ciplus that are employed in tho constmotion of a timber or iron 
bridge. Tlie subject is here divested of the complexity which 
belongs to it in practice, and for information on which r^erenoc 
must bo mode to actual engineering works. This lesson is 
rather to Im regarded os an illustration of mechanical principles 
than as a treatise on the building of bridges, which would, of 
course, be wholly out of place here, and is a difficult subject. 

It will bo found both easy and instmetive to verify experi¬ 
mentally the principles that are hero laid down ; the aiiparatus 
necessary for this is simple and inexpensive. A number of slips 
of pine half an inch square, and of various lengths, from one 
foot to four feet, form the only materials necessary for the 
bridges which will bo described in this lesson. These miniature 
wooden beams are to be fastened together in any positions that 
may bo desired by means of cramps, such as that shown in 
Fig. 4, and which can be prooured in any tool-shop; they should 
open to about two inches, as sometimes IhrSo beams must be 
fastened by the same cramp. Tho use of those bramps dispenses 
with the iioccHsity of any other fastenings, for it will be found 
that tbo slips thus fastened together will bear a very great strain, 
amounting to 100 pounds or more, without slipping. Thus, with 
tho greatest facUity, bridges and otltor stnicturoa may bo built 
up, and actually loaded with considerable weights, 14 pounds, 28 
pounds, 50 pounds, oto., to test their strength. Possessing a fow 
dozen of these slips of wood, and a corresponding number of 
cramps, many variotios of simple bridges may be tested, the same 
slips ro-appearing in <lifferent combinations ; and 
the apparatus may also bo used for constructing 
models of roofs, and many other pieces of frame¬ 
work which will suggest thomselvos to the in¬ 
quiring student. It will probably bo found 
surprising what efficient joints are produced by 
tho compression of the wood in the cramp; hut, 
in cases of very great strains, tho danger of 
slipping win bo lessened by interposing two 
small pieces of sand-paper, back to back, between 
the surfaces of wood in contact. A fow larger 
crampe will often bo found nsefol for securing 
the important joints more firmly than is pos¬ 
sible with tho small cramps j tho bruising of 
the slips may be diminished if necessary by the 
interposition of small slips of card-board between tho iron 
and the wood. 

Let us snpposo that it is desired to make a foot-bridge from 
one support, a, to anutber, B (Fig. 5). Tho most simple way of 
doing it, if tho distanoe nut great, is to lay a plank of suffi¬ 
cient strength across, with its ends on each support; and for 
a short distance no method con bo more efficient. To consider 
the strength of such a bridge, wo must remember what has boon 
already proved, that the load being the same, tho weakness of 
the bridge increases proportionally to its length, and hence wo 
SCO that the longer is tho distance from A to b, tho stronger 
must the plonks be; but with an increase in the strength—that 
is, in tho dimensions of the plank—there is a corresponding in¬ 
crease of its weight, and therefore an addition to tho load which 
it has to sustain. *When to this we add that there is, of course, 
a practical limitation to the mognitnde of planks, we see at onoe 
that when the distance between A and n exceeds a certain amotmt, 
a bridge consisting of a single unsupported plonk is a practical 
impossibility. It will be found that a slip of pine half an inoh 
square, and resting on two siqiports, the distance between which 
is ten inches, would bo broken by suspending a weight of about 
80 pounds, more or loss, according to tho quality of the wood, at 
its middle point j honoe wo should infer, and wo can easily verify 
, ,by experiment, tixat a rod of the same wood resting on two sup- 
porta forty inches distant, would be broken by a weight of about 
20 pounds. We shall then examine the means by which a 
bridge consisting of a single plonk can be strengthened. For 
convenience, we shall confine our attention to the rod of pine 
half on inoh square and four feet long, being one of those with 
which the experiments ore made, and, of course, the observa¬ 
tions will apply, mutalis itmtandU, to every other sobs ^ 

Let A B bo a single boom, whioh is too long when unsupported^ 



Fig. 4. 
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lo form a eafo bridge for the load whioh it Has to cairy. If, by 
moans of a podostal, it ooold be directly supported at the middle, 
at the point x, its strength tronld be doubled, because then it 
would be equivalent to one beam, a x, resting on the supportB A 
and X, and to another, B x, resting on b and x; and since the 
etrongih of a beam varies inversely as its length, each of these 
portions is twice as strong as the whole beam was before, and 
therefore the bridgre will now support double the weight which 
it could carry originally. 

If three pedestals are applied, the length a n is divided into 
four parts; each part is, thuroforo, four times as strong as tho 
unsupported plank A b, and therefore tho supported bridge is 
four times as strong us it was before the pedestals were applied 
to it. 

Whenever it is possible to have a number of pedestals under 
a bridge, they form tlio most suitable and efficient moans of 
support, but in tho majority of oases it will not be possible, 
and other means of support must bo sought. 

If a rod of pine four feet long bo supported at the ends a and 
B, it would sustain about 20 pounds hung at its middle. Let the 
p^ts of trisection, F and q, of this beam be taken. If these 
points could be firmly supporiwd, wo should then oxpeot, aooord- 
iag to the principles already explained, that ihe strength of tho 
rod would be increased threefold. Now, if with tho help of 
cramps another rod be &stoned to A n at P, and to the support 
at C, and a seoond rod, q B, bo similarly attaohod, the desired 
object is accomplished. 

It will he found on trial that the sustaining power of the 



bridgo has boon vastly inoreasod, audit will also be noticed that, 
whereas before it yielded and bent under a slight load, it has 
now acquired considerable stifiness and rigidity. What is the 
reason of this ? The point r could formerly be pressed down¬ 
wards a littlo without breaking the beam, and on the relaxation 
of tho pressure it returned, of course, to the horizontal lino. 
Iiet ns suppose that it eonld bo pressed down to f'. f p' is 
TOrtioal, for tho ends A and n being soourod, f could not bo 
pushod either towards a or b, but only vertically. In the 
triangle c p F* the angle c p' r is the greatest, and therefore c p 
is greater tbaj> (’ p'. lleooo p cannot be depressed at all without 
coming nearer to c; but when the rod c F is introduced, and 
firmly fastened both at C and P, it provonts p coming any nearer 
to C, and thoreforo p cannot move at uU, provided tho joint do 
aot slip nor tlio pressure bo suffleient to break C P. In fact, 
AFC may bo looked upon os a triangle on the base A c; and 
aiaea, by Euclid 1. 7, there cannot be two triangles on tho same 
base and same side of it which havo their eontorminous sides 
equal, it follows that p eannot more when o p is applied, though 
flexibility of tho wood would havo allowed it to do so 
previously. In precisely tho same way it caa be shown that 
Q & a fixed point. Hence the beam a u may be regarded as 
directly supported at p pmd q, and therefore tho whole will bo 
as strong as eaoh of tho throe equal segments into whioh it is 
divided. Houoo, by the principle already oxplainod, the strength 
of tho bridge is increased threefold. Actual experiment will be 
found to justify this reasoning: By placing a second four-feet 
lod poxaUol to A B, uid distant from it by a few Inohos, and simi¬ 
larly supporting it by the other rods, and then laying a fow 
short rods oroesways over both beams to form a roadway, it 
oan be loaded with weights to test its strength. 

TKX ASCH. 

The simplest theory of the sxch is that whioh is given by 
Br. Hooke. A chain whioh is suspended from two points hanu 
downwards in a onrve called the catenary, and each of its links 
ia retained in eqnilibrinm by tho tonslcm of tho two adjacent 
Uaks whioh oounterbalonoe its weight. Freoisoly similar is the 
sqoilihrium of the stones which form an aroh. Eaoh of the 
swnes is hold in oqhOibrinm by the pressure of the two adjaoeut 
■tones, oalled voussoira, and Its own wdght. diSsrenoe 

t between the cases is, that while tho eqnilibrinm oS the .chain is 
, wntonhle.that ot the Sroh is stable. 


NOTABLE INVENTIONS AND INVENTORS. 

VU.—THE UABIHEB’S COUFASS (oonclitdid). 

BT JOHK TUtBS. 

Wb now resamo the history of the compass. In 1280 , lAea 
Moroo Polo returned from his travels in Cathay, he is believed 
to have brought a knowledge of the compass, as well as othsr 
Chinese inventions, back to Enrope with him; but there ia no 
known authority for this opinion that oan lay claim to snthsn- 
ticity. It is certain, however, that before the dose of the 
fifteenth century, when Vasoo de Ckuna found his way round 
the Cape of Good Hope, the pilots of the Indian seas were expert 
in the use of sea-ohacto, the astrolabe, and the oompaas. 

We find the compass minutely desoribed by Ghiyot de Provenoe, 
in bis satire, “ Lo Bible,” about the year 1190. Onyot, a minstrel 
by profession, had probably soon it in use during tho Crusades, 
to one of whioh, most likely, he had previously attached himself. 
At all events. Cardinal do Vitry and Yinoent de Beauvais, both 
Frenchmen, and both Crusaders, writing at a later imriod by a 
quarter or half a ooutury than Quyot, speak of it as a great 
curiosity whiuh they saw in tho East, and we may infer that it 
was a thing almost unknown in Europe. There is not, hence, the 
slightest foundation for the belief that it was used by European 
seamen at so early a period, though there can be bnt littlo doubt 
that by the middle of tho thirtoenth century it hod come into 
partial use, and into gouorol knowledge; since, in one of the 
songs of Gauthier d’Epinoir, is an allimon which no one would 
havo made, had not his auditors been familiar with the magnetio 
needle. 

It was long contended that the inventor of the compass as 
a nautical instrument was Flavio Gioja, a native of Amalfi, near 
Naples; and the date given by tlio Italians is from 1300 to 1320. 
It is obvious, from what we have already said, that there is no 
foundation for this opinion. Before this assigned period, even 
tho ” Trosor ’ ’ of Brnnetto Latini (tiio mastor of the divine Bonte) 
boars ovidenco that the oompaas was not a rarity. It is, how¬ 
ever, highly probable that Gioja greatly improved the aomposs, 
cither by its mode of snsponsion, or by tho attachment of the 
card to tho noedlo itself, or in some other important portioular. 

Tho Freuoh long laid olaim to the discovery of the compass, 
or at least to the attachment of the cord to the needle, from 
tho ciroumstance of the north point being marked With the 
fieitr-de-lis bnt there is no distinct evidence on this point, and 
Sir John Davis, with more probability, considers tliat the 
figure is an ornamental emss, originating in the devotion of an 
ignorant and superstitious ago to the more symbol. Besides, 
this omamont is not peculiar to the compass, but may bo seen 
on the hour-hand of modem French olooks. Or, as Sit John ob¬ 
serves, “ as the compass undoubtedly came into Europe from the 
Arabs, tho fieur-de-lis might possibly be a modifloation of the 
monasala or dart, the name by whioh toe Arabs oalled toe needle.” 
Still, tho flew-de-Ua, os toe ornament of the lUMcthem radius of the 
oompass, is said to have been adopted by Giqja, toe Neapolitan, 
because it was the device of the reigning Etog of Sicily at the 
time Gioja first employed the instrument in navigation. 

By whom the snsponsion now generally need was invented, ia 
altogether unknown from any doonment or other evidence. We 
have already explained that a magnetio needle balanced on 
a pivot will, subject to a correction for the variation of the 
magnet, point out toe true direotiin of north and south. A card, 
beartng toe points of the oompaas, and unalterably atoaohed to 
any apparatus, suoh as a globe, will therefore afford the meeaa 
of adjusting it north and souto, if toe centre of toe card be 
made the pivot of a magnetio needle. In tho mariner's compass, 
howeyer, we affix toe needle to the card, pointing it towards 
north and south, so that the card travels with toe needle; and 
if a pointer (fixed with respect to too ship) mark out toe point 
on the edge of toe card, wMoh lies in toe ILae drawn through the 
pivot parcel to the pUiiie whioh symmetrioally bisects the ship, 
giaflihe bearing of the ship's heed ia shown by that port of the (m^ 
to which toe pointer direote for tho tone being. To ensure the 
hori«mtality of the oompsas-oard, the (^Undricel bos in whioh 
it ia enoloB^ is supported in a hoop at opposite points by pins 
projooting from it, so as to allow the box to revolve inside toe 
hoop.' niia hoop ia supported in toe same manner on pivots, 
toe line of whito is at light angles to the first points; sotoatby 
therotatiottof toeoompase-hoxintoehoop, and ofthehoopiiael^ 
toe fonner oan always fern its position ol eqnilibxiam, itoioh i» 
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tiie horjzontal posiliion. The email oeoillaiaong of Ihe appazatne 
•ze immediately deattoyed by the ftictioa. Hie apparatna ie 
tiim aaid to be supported on gimbles, or gimbals, allowed to 
have been the invontion of an Engtishm^ 

The dip of the needle —that is, the angle which, when anp* 
p< 7 ted on ite centre of gravity, it' makes with the plane of the 
horizon—waa discovered by ^bort Norman, of Wapping, in 
1594. Next was disoovered tho variation of the oompaes; 
that is, that it did not point directly to the north, but some¬ 
what east of that point. To aocoont for this it was supposed 
that the magnetic polo of tho oarth did not coincide with that 
«f tho axis on which the globe itself turned, and so it proved. 

The variation of the needle was known to a Chinese philo¬ 
sopher, who wrote about the year 1111. Columbus was sailing 
across tho Atlantic Ocean, in his attempt to find a new world. 
On September 13,1492, in the evening, being about two hundred 
leagues from the island of h'erro, Columbus first noticed the phe¬ 
nomenon : the variation was a little to the west at London. About 
nightfall, the needle, instead of pointing to the North star, 
varied about half a point, or between five and six degrees to tho 
north-west, and still more on 
the following morning. Colum¬ 
bus was struck with tho cir¬ 
cumstance, and he observed 
the variation to Increase throe 
days as ho advanced. Ho at 
first made no mention of the 
phenomenon, knowing how 
ready now his people wore to 
take alarm; but the pilots 
were filled with consternation. 

It seemed as if tho very laws 
«f Nature wore changing os 
they advanced, and that they 
were entering another world 
subject to unknown influences. 

They apprehended that tho 
eomposB was about to lose its 
mysterious virtues, and with¬ 
out this guide what was to 
become of them in a vast ond^f, 
trackless ocean I Columbus 
sow sought to allay their 
terrors. He told them that 
the direction of the needle was 
not to the Polar star, but to 
some fixed and invisible point; 
idle variatiou was not caused, 
therefore, by any fallacy in tho 
oompaas, but by the move¬ 
ment of the North star itself, 
which, like the utbci heavoidy bodies, had its changes and 
revolutions, and every day described a circle round the polo. 
The pilots had faith in Columbus, and believed him. Els 
explanation, as tho Copemioan system was unknown, was 
plausible, and was believed; and it showed Columbus's readi¬ 
ness to meet the emergency. Thu phenomenon has now become 
familiar to ns, but wo arc n(4 so cognisant of its causa. “ It 
is," says Washington Irving, *' one of those mystorios of Nature 
«pen to daily observation ^d experiment, and apparently 
ohnple from their familiarify; but which, on investigation, 
make the hnman mind conscious of its limits, baffling tho ex¬ 
perience of tho practical, and humbling the pride of science.” 

Hie iron employed so extensively in modem vessels has 
oreated great, but generally unsuspected, defloetionB of tho mag- 
netio needle from the position which, under the influence ot 
terresfarial magnetism only, it would take in any given place 
smd at any given time. Numerous vesseh have bem wrecked 
fa consequence of this alone. In England, the errors of tiie 
oempass from the action of iron have been corrected by {dacing 
neas it powerful magnets, tho action of wfaioh produces upon 
tile needle equAl effects, but opposite to those of tiie ship. Hw 
Tkench employ a table of oorreotimis, baaed upon minute observa¬ 
tion, and appUeablo to every indication of the compass affected. 
Nevertheless, fatal accidents are still attributable to the errors 
of the oempass. One of the ooutrivanees for diannishing this 
neriouB inconvenience ie tiie correcting compass, whiidi affords 
tike means of taking the son's poaitim, whmby the deviation 


may be corrected. Lightning alone exercises a deoided influence 
on tbe needle, by reversing its points, so that north becomes 
south, and conversely. When a vessel is nearing land, tho 
needle is aaid to be affected; and certain rooks exendsa a 
decided magnotio infinenco on the compass, voloamo rooks 
especiaUy, but this influence is not felt on board ships. But 
the action of tbe iron forming the ship’s sides'is for different; 
nothing, not even the interposition of a tbiok non-magnetio 
body, will stop its influence. 'But the real danger proceeds 
from another sonroe; since tho ship herself, under her weight 
of canvas, may increase the deviation of tho needle. From 
cxpeiimonts made on board on irou-bnilt sailing vessel, pro¬ 
vided with iron rigging and lower yards of steel, and with two 
binnoole compossos on her poops, and a third placed between 
the mizon and main-masts, tho lower part of which was all of 
iron, tho deviations of the needle wore respootively 56°, 24°, 
and 35°. It need scarcely be added that much experience may 
be goinod by freighting an iron vessel only when sbo bos been 
at sea fur a considerable time, in order to osoertain how her 
oomposs behaves. The Bev. 'WilUam Soorasby, whom we have 

already mentioned, published 
his various investigations of tiio 
influonoo of iron ships npon their 
compasses, and tho requisito 
eorreotions. One of the meat 
interesting of these we have 
described in tho previous num¬ 
ber. In 1855 Dr. Sooresby 
communicatod to tho British 
Association a summary of his 
matured views and tho evidenoe 
in their favour, in whioh be ro- 
coUeil attention to Ids plan of 
a com-poaa aloft, whioh affords 
a simple and offeetivo mode of 
ascertaining the direotion of a 
ship's course; and to exemplify 
this and other questions. Hr. 
Scoreeby, in 1856, took a voy¬ 
age to Australia in tho Royal 
Charter iron steam-ship. His 
theory provod (»rrect. But the 
fatigue of the voyage to a man 
approochiug seventy years ot 
ago waa oxoossive, and, without 
doubt, ocoelorated his death. 
As a proof of his energy in the 
cause of science, it may be men¬ 
tioned tliat ouoo in tho oonrse 
of this voyage, in a violent oy- 
olono, he osoonded tho mizen- 
rigging to Judge of the height of the waves, which ho calculated 
to be &eu thirty feet. He returned to England, and narrated 
bis voyage to a large audience at Whitby; but while propaifag 
his journal for publication he died, leaving his widow to receive, 
as a memorial of his services, a chair formed from timber of the 
vessel in whioh be mode his voyage to Australia. 

In reviewing the history of tho compass, wo ore reminded of 
the remark of Sir John Herschel—^that such inventions nro not 
tho creation of a few years, or a few generations. They pre¬ 
suppose long oonturies of previous civilisation, and that, too, at 
the dawn of European history, when the declination of the 
needle was known. 

The following foots relativo to the construction of tho mari¬ 
ner's compass, the graduated card of whioh is shown in tho 
annexod illustntioii, may prove interesting to the readerTho 
shape of the needle is generally that of a long porallolograin, 
of whioh the widtii is very small in comparison with tho length; 
ot that of an elongated lozenge. A hollow cone, generally of 
steel, but sometimes of agate, rises prodsoly in tho centre of iho 
needle to supply tho means of balancing it on tho fine point 
of the pin on which it works, and about whioh it may turn 
freely in any direction without the slightest hindrance from 
friotion. 

The jdn on whioh the noodle works rises peipendioularly from 
the centre of a circular card, marked as fa the illustration. 
The oentral portion of the card, lying within a graduated rkig, 
divided into 128 parts, is marked with a star of S2 rays, of 
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vhioh 16 am lolid and 16 dotteA Theae mya mark tlia 32 poista 
of the oompaM, the nqr that marks the north point on the card 
being diatingniahed by a fleur-de4is. The gradnated ring 
alrea^ spoken of ahowa the division of caeh of the 32 pointo 
into qaarter-pc^ta. In the ring or belt immediately vrithont 
it ia marked the reading of eaoh p<nnt. In the murow ring 
inniediataly withont this ia marked the nnmeiieal order of the 
pointa from north and aonth to east and west on either aide; 
and in the ontermoet ring ia given the value of each point from 
north and aonth to east and west on either aide in degrees 
and minntea, eaoh point being equal to ihe l-32nd part of 360 
degrees, or 11^ 15'. 

ANIMAL COMMERCIAL PRODUCTS—XIV. 

III.—XSIBLig 8PXCIX8. 

Tax preceding notice of the Molluaca wenld be inoomplete 
without some reference to their valne as a aonroe of human 
food. Amongst the edible kinds we have the 

Oytter (Osfrsa edulis).—Vast beds of this moUnak are planted 
'103 thhded with great care. The oyster oolture is carried on 
moat extensively at Colchester and other places in England, and 
on the ooasts of France. The oysters are laid in beds, in creeks 
near the shore, where in two or three years they grow to a con¬ 
siderable sise, and improve in Havonr./ Between 14,000 and 
15,000 bushes of Essex oysters are consumed in Lradon 
aniraally. There are 200 vessels, of from twelve to fifty tons’ 
burden, manned by 400 or 500 men and boys, continually 
dredging for oysters on the Essex coast. 

JfitSfel {Mylihu edMis). —This is another popular mollnsk, ' 
nol so digestible as the oyster, but nevertheless in censidorablo 
dmnaad aa human food, and largely employed as bait for whiting, 
haddocks, and cod. We have also the Cockle {Cardium edule). 
Periwinkle {LUtorina Uttorea), Whelk {Buceiawm wiAalum), 
and the Ormond Whelk {Fusue amtigwu), with which our i 
markets are abundantly supplied. Others might be mentioned, 
birt enough has been said to show that, whilst the ahoU of the 
mollnak is attractive and useful, the soft body of the oreature 
that dwells within it ia not less valuable. 

PBOBBCT8 OF THE StTB-EINGDOM AEITCILOSA. 
Ann^ed jlZiatin, antiulue, a ri»g),'a naine givenlid the third 
great dMsion of the animal kingdom. Iho body, in Annuloea 
generally, presents a ^^motrical form, and consists of a aeries 
of rings or segments; the nervous system ia a double nervous 
thread, which extends along the body at Hs lower aide, and ia 
united at certain distances by double “gangUa,” aa theae nervous 
mames ara termed—nervea being given off from these gangiionio 
masses. In the group Aimvloida, the body is ringed and devoid 
of limba, whilst in the Ariieulaia it ia compost of movable 
pieces, and the limbs are jointed. 

!nis Ann^oaa are divided into the following olaaaes — 

L (lAtiB, anmilm, a littlo ring), animaia having 

bodiaa am ifid idiable, more or less oylindric^, and formed of a 
great number of small rings. Examples: earthworm and leech. 

A OiyrtiKfd, (laitin, erusta, a hard covering), having an 
articnlatea, hard ahelly case or covering, in wUch the softer 
parts of the body are contuned. Examples: crabs, lobsters, etc. 

8. ALiwknida (Oroek, wrachne, a spider), having the head and 
thorax ooilflttfillt with eaoh other, and the body consequently 
oonaiating of only two segments, with eigU legs, and smooth 
eyes. ExHiyilea: spider And soorpion. 

4. Xiusefa (latin, in, into, and seeo, I out), including those 
animaia' having an insected or divided appeoranoe of the body 
inte three well-marked portions, called respectively the head, 
thorax, and abdomen. Six legs are articulated with the thorax. 
Examidea; bee, moth, mid beetle. 

* In the first olasa, AwneUdn, we have one species of very oon- 
sidsiable value in oommeroe, the 

(Hirudo medieiaaiiM, L.).—^Tbis is an abranchiate red- 
blooded wwm, provided with a oh^snlar disc or sucker, at either 
extieinity of the body. The oval aperture or mouth is farmed 
of three pure of oartih^nons jaws, each armed with two rows 
of very fine teeth, and di^sed in anch a manner that tiiey form 
three radii d a oirole. This apparatna enables the leech so to 
panetete the skin as to ensure a rea^ flow of blood witiiont 
a dangerous wound. Leeehea are usually found ia pools 
' and BMiahas, aometimea in England, but.iaino^^y on Con¬ 


tinent, especially in Portugal, the aoutb of Franca Germany, 
Hungary, and Buaaia. The greatest quantities come through 
Peath and Vienna from Hungary. Host of the leeches used in 
England are imported from Hamburg, whither they axe aent 
from the lakes of Pomerania and Biwdenbarg, and from the 
province of Posen in Pmesin. 

Leeches axe taken by men, who wade into the pools with 
naked legs, to whioh they fasten themaelvea. The men then 
leave the water, and remove them before their bites become 
injuriona. Leeohw are sent over in bags, or more frequently 
in email tuba, dosed with stout canvas to allow a free passage 
of air. Each tub usually contains about 2,006 leeches. Some 
idea of the extensiveness of the leech trade may bp obtained 
from a fact meationed by Dr. Pereira, that, some years ago, 
“ four principal leech dealers in London imported on the average 
600,000 leeches monthly, or 7,200,000 annually.'* The annual 
consnmption ef leeches in Psj^ is estimated at 3,000,000, end 
that of the whole of France at 100,000,000. 

The second olaes, Ontstaeea, fumishce several species whioh 
are used aa food-^ crabs, lobsters, crayflsh, prawns, ahd 
shrimps, so well known as to render description noe^ess. 
Omitting the Arachnida, which arc of no commercial value, we 
come to the fourth class, Insecta, which ie pre-eminent over the 
others in the number of individuals, and in &eir beautiful forms, 
flours, and transformations. Its members are in the highest 
degree valuable to man, famishing him with unUmitod supplies 
of h<mey, wax, silk, and dyeing materials. The following are 
the most important insects, regarded from a commeroial point 
of view. 

The OT^orja J^oiW (fiombyx nurri) belongs to the family 
Bombyc^be’, a section of the noctumd lepidoptera or moths. 
It has short plnmose antonnse, a thick short body, stout legs, 
and white wings, with two or throo dark linos stretching across 
them parallel to the margin. It lays its eggs, which are of a 
greyish tint, on the leaves of the mulberry tree (Morus alba), 
upon which the larva foods. Those larvoe form the cocoons 
from whioh the silk is procured. The eggs may be preserved a 
long time witiiout deteriorating, provided they axo kept free 
from damp, and not too many in the same packet. The eggs in 
this state are called by the eilfc cultivators “ seed.” 

The larva} when first hatiAed ore a quarter of an inch long 
and of a dark colour, and toe first care after their birtii is to 
aeporate them from their sholle, and place them in hurdles 
where they may find appropriate food. For this purpose, a 
paper perforated with holes and oevored with mulborry-leavea ia 
spread over the basket ia whioh the larve are plac^, and in 
passing through the holes to get at the mnlbeny-Ieaves, they free 
themselves from their shells. The silkworm lives in the larval 
state from eix to eight weeks, during whioh time it moults or 
changes its skin four times, increasing in siae and voracity with 
every moult, and when fidly grown is about three inches in 
length. 

The caterpillar now stops^ting, betakes itself to some con¬ 
venient apot where, after spinning a few threads in variona 
directions, it ansprads itaelf in the midst of them, and by con¬ 
tinually twisting its body, it gradually envelopes itstif in ai 
thick, silken, oval-ehaped cocoon. The tilk is a secretion of a 
pair of tubes called serieleria, which termixtate in a prominent 
pore or ipinneret on the under Ifp of the caterpillar. The two 
fine filaments from the serieleria are glued together by anotiier 
eeoretion from a email gland, &> that the appaxentiy ainglo 
silken thread proceeding from the caterpillar, whioh ftwma the 
cocoon, ie in rwJity double. Whilst spinning the cocoon, which 
is UBoally completed in five days, the larva deoreasea in bulk, 
oasts its skin, booomee torpid, and ultimately aasumea tii» 
chryealia form in the interior of the ooooon. 

^e ooooona, when oompleted, are tiirown into warm wateri 
whioh disaolvee the glutinous matter that oaueoa the threads tw 
adhere, and separates them. The mid of the thread ie thei^; 
found, and placed upon a reel; the silk is wound off the cooooA 
and formed into hanks. When this is carefully done, the ailk«a i 
thread obtained from a single ooooon ia aometimea from 750 
1,150 feet long, or of an average Imigth of 300 yorda. Twelve j 
pounds of oocoena yield 1 pound of raw silk. About 1 ounce of. 
silkworms’ eggs wiU produce 100 pounds of ooooons; l6 poundej 
of mulberry leaves axe food sufficient for the prednetion ofi 
1 pound of ooooons; and eaoh mulberry tree yields about 10^ 
pounds of leaves, These dataafford the reader ^e means (A esl- 
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onlAtiBg tiio number of inseota, egge, trera, and loavea neoesmcy 
for the proAttotion of 6,000,00(1 or 8,000,000 pounds of silk, the 
quantity that is annually consumed in tbo United Kingdom. 

The art of rearing silkworms, of unravelling the thr^ds spun 
by them, and manufacturing those threode into articles of drass 
sad ornament, seems to have been first practised by the Chinese. 
In China, Japan, and India, silk has formed, from time imme¬ 
morial, one of the chief objects of cultivation and mauufactnre. 
The silkworm moth and the mulberry tree are, in foot, both 
I natives of China, and a groat portion of our sapplies of silk is 
I still derived from that country. There was a time when silk, 
I now so abundant, was valued in Borne at its weight in gold, 
and the Emperor Aurelion refused his empress a robe of it on 
account of its dearness. At the period when our ancestors 
were naked eavsges—fi.OOO years ago—the Chinese peasantry, 


through Canton. The principal ports from whidh we receive 
East Indian silk ate Calcutta and Bombay. The exports from, 
these places amount to 10,000 cwt. annually. Autolia and 
Syria produce muoh good ailk, principally around Damaaona 
and Boyrout; this goes ohiofly to Wosteni Europe, viA Aleppo, 
Smyrna, and Constantinople. A great deal of Persian and 
Armenian silk is brought by caravans from Asia, by Bassora, 
Bagdad, Damascus, eta,, to the ports of the Levant, and goet by 
thu name of silk of the Levants" This name also indudes au 
the silk produced in Turkey, the Morea, and in the Archipelago, 
and brought into commerce through Gallipoli and Salonica. As 
the breeding of silkworms only prospers in warm climates, sift 
culture is confined in Europe to Italy, the South of Prance, and 
Spain. There is also considerable silk onltivation on the sonth- 
em slopes of the Alps, in I'yrol and Illyria, and within the last 
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amounting in some provinces to i&illiona in number, wore cloiked 
in ailk. . 

Etom China the cultivation df silk extended to Ilmdostan, 


and thence to Europe, in the reign of the Boman Emperor Jus¬ 
tinian, about the middle of the sixth eentniy. From the sixth 
to the twelfth century the. oolturo of silk was confined to Greece, 
particularly to the Peloponuesna, where it spread so much that 
thia part of Greece derived its modem name, Morea (Latin, 
wionts, a mulberry), from that droumstance. From Greece silk 
onltivation spread into Sicily, Italy, Spain, and finally Franco. 
Tlie PVonoh commenced its cdturo in 1564, under the auspioos 
of Henry I?., and ^e raising of raw silk and its manufactiire 
now forma a very considerable proportion of the French trade. 
We have not space for further detail of the progress of tho nlk 


manufacture. 

At preaemt th® Unitad Kingdom ia supplmd with tbo raw mo- 
terial tof manufaotime principally from China, the East Indies, 
t.hft Lovant, France, and Italy. Of Chinese silks the best come 
from the provinces of Kankin and Tsekiang ii^Eastem China- 
Silk of an inferior chacacter ia received from Southern China, 


twenty years successtol attempts at silk culture have been made 
in Bavaria and Lower Austria. 

llie quantity of iftw silk imported into this countny in 1865 
was nearly 8,000,000 pounds, and the value of the same monn- 
foctured was estimate at more than .£17,000,000. Although 
tho cbmato of England is too cold to enable ns to rear tho silk¬ 
worm, we are able to manufoctureutho silk. Wo have upwards 
of 300 silk manufactories, giving cmploymont to 60,000 hands. 
The principal seats of tho English silk manufocturo oro For 
broad silks, Spitalflelds, Manchester, Macelosfiold, Glasgow, 
Paisley, and Dublin; for empos, Norfolk, Suffolk, Essex, Middle¬ 
sex, and Somerset; for handkerchiefs, Manchester, Macolesfleld, 
Paisley, and Glasgow; for ribands, Coventry; for hoLlery, Derby; 
and for mixed goods, Norwich, Manohestor, Paisley, and Dublin. 
The annual value of tho goods manufoctured ia computed at 
;610,000,000. Tlio exports of British manufactured silks ate 
chiefly to the United States and the colonies. Wo also ship 
silks extensively to South America, Germany, Bolgimn, and even 
India and Franco. 

(Next to the silkworm moth the Evt^JBse [Apis mcllifiea} 
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ia iho most luefiil inaeot to man. Tbia inaeot belou^rB to the 
<nrder Hymenoftera (membtane'Winged), an older obamuiterieed 
in moat of tibe genera by the preaenoo of a ating. The habits of 
the honey bee. are replete erith interest, arising from ita aooul 
economy and from the separation of the indiridoala into three 
oommtmities based on sexual modification, via., the queens, or 
proUfio females; the irorkera, or barren females; and the drones, 
or males. 

The hive bee or honey bee is distinguished from the othor 
spooiea of Api$ by having the femora of the posterior pair of 
legs fnrnished with a smooth and concave plate on the outer 
sarfaoe, which, fringed with hair, forma a basket adapted for the 
oonvqyaano of pollen. A swarm of bees consists generally of 
j about 6,000 individuals, of which about one-thirtieth port are 
males, the rest females, and of theso one only is for the most 
part prolific, called tlie “ queen." The body of the queen bee is 
longer, her colours brighter, and her head smaller thou these 
ports ba. the other bees, and her sting is curved. The male bees 
.^or dronea have no stings; their body is shorter and thicker. 
The workers have a straight sting, but os tiieir growth is ar- 
rssted before the full development of all their organs, they ore 
smaller than either the queen or the drones, and their colours 
are leas bright. The honey bee in its natural state generally 
oonstmota its nest in hollow trees, but throughout Europe it is 
now rarely found except under domestication. * 

The comb oonsists of beautiful hexagonal colls, placed end to 
i«nd in such a manner that each cell is (dosed by three waxen 
[plates, each of whioh also assists in completing one of the cells 

[ the other side of the oomb. The whole duty of the oonstruo- 
i of the oomb and tite cate of the young dovolvos upon the 

orkers, whoso incessant activity has rondorikl them the symbol 

[ industry. * 

It is a remarkable fact that we derive the greater part of our 
knowledge of the economy and habits of ilio hive bee from the 
labours of a blind man. The elder Hnbw lost his sight when 
only seventeen years of ago, but by mesne of glass hives, vori- 
(ouidy construct^, ho was enabled, through the aid of his wife, 
;to become acquainted with all that was going tm in them, anci 
^from her faitUuI reoital of what ahe saw, together with the aid 
of on untiring investigator, M. Bnmens, he amassed the material 
few hia celebrated work. 

' In tile eonstamotion of the oomb the bees take hold of each 
ptber, and suspending themselves in olusters, whioh oonsist of 
« series of festisms or garlands crossing in all directions, remain 
immovable for about twenty-four hours, during whioh time the 
wax ia secreted in the form of thin plates from between the 
aoalea of their bodies. One of the bees makes its way to the 
t^f of the hive, and detaching ite platee of wax in anooession 
ismn the abdomen with the hind legs, works them up with the 
tongue into the material which forme the oomb; this bee is fol- 
How^ by others, whioh osny on the work. As soon as a few 
^dsUs are thus prepared, the queen bee begins to exude her eggs. 
!^pie first eggs develop into worken^ the next produce ^e 
. ironee and also the queens. The egge are depoaitad in the 
mDs, and in five days ^e maggot ie hatched, l^e soto employ¬ 
ment of the queen bee ia the laying of those eggs, and aa only 
one ia deposited in each cell, this occupies her almost inces- 
aantly. ^e'queen, when thus engaged, is accompanied by a 
guard of twelve workers, who olear the way before her, and feed 
her when exhausted, always with the utinost courtesy turning 
their faces towards her, and when she rwta from her labour, 
approaching her with humility. She “ lays workers’ eggs for 
‘eleven months, and afterwards those which produce drones. 
'As loon as tills change has taken place, the workers begin to 
.oonstmot royal coIIb, in which, without discontinuing to lay the 
6n»es* eggs, the queen deposits, here and there, about onoe in 
^thrae days, aa egg which is destined to produco a qnoen. The 
workers' eggs Imtoh in a few days, ai^ produce little white 
maggote, which immediately open their mouths to be fed; these 
tiiB workers attend to with untiring assiduity. In six days 
><aob maggot fills up its cell, it is then roofed in by the workers, 
;fpliii a lAken oocooh, and beoomes a chrysalis, end on the 
.^wenty-first day it comes forth a perfect bee. The dronea 
ftimerge cm the twenty-fifth day, and the queans tm the six- 

• "FsBlgor latioduction to the Study cf laaeeta" By Edward 
JHanssn, 


BIOGKAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANXJPACTUREES. 

Tin.—JAUES EOBSBUBQU, E.B.S. 

BT JAHX8 SBANT. 

Jakes HonsnunaB, the distinguished hydrographer, whose 
works and discoveries won for him the justly-morited title of 
“The Nautical Oracle of.iho 'World,” was a native of tiie 
county of Fife, a district singularly prolific of iUustriona 
Scotsmen, oven from an early period. He was bom on the SSrd 
of September, 1762, in the little town of Elie, whioh in those 
days was a place of some importance, os the massive and ancient 
mansions whioh stand near its boaoh remain to testify. As 
his parents wore in humble rank, his education at the pariah 
school was varied by labour in the fields; but, like many of 
thoBo who live upon the Fifeshire coast, b^g destined for a 
nautioal life, his education was directed with that view. He 
acquired the elements of mathematical scienoo, book-keeping, 
and the theoretical ports of navigation, and at the age of sixteen 
went to sea aa a cabin-boy, being bound apprentice for throe 
years. Ho served in various vessels, chiefly in the coal trt^, 
and mode many trips to Newcastle, Ostend, HoUaud, and Ham- 
burg. In May, 1780, a temporary interruption was put to these 
little voyages, by tho vessel in which he served being fired upon 
and captured, when off Waloheron,by aFiench war-ship of twenty 
guns, the captain of which placed him and all his shipmates in 
prison at Dunkirk. After being liberated by an exchange of 
prisoners, he mode a voyage to the West Indies, and another to 
Calcutta in 1784. There, by the influence of Mr. D. Briggs, an 
eminent shipbuildor, he was made third mate of the Nemoy, 
bound for Bombay, and during the two subsequent years he 
oontinuod trading along iho ooast of India. 

In May, 1780, he was first mato of the Atla$, whioh was bound 
from Batavia to Ceylon. In hia then capaoify, he was regulating 
the ship’s course by the charts at that time authorised aad in 
use, when she was wrecked in the night on the lonely island of 
Diego Garcia. According to its hearings on the ohotif Hora- 
Uurgh believed himself in the open sea, when the crash of his 
ship upon the rooks showed that he was trusting to a wortitleaa 
guide; and hut for this event, and the impression it made upon 
his mind, he might have remained to the end a baidy, sldlfnl, 
and enterprising mariner, but nothing more; and “ tiie loss of 
this vessel was repaid a thousandfold, by tho effects it pro¬ 
duced.” He learnt the imperative necessity for having more 
ooirect maps of the Indian sea than iho world then possessed, 
and to that task he resolved to devote himself, by making, and 
committing to paper, his nautioal obsorvations. From that day 
the resolution was put in practice, and he rapidly acoumulaied 
a store of notes on the bearings of tbo' Indian coasts and isles, 
whioh served as the materials for his future works on hydro¬ 
graphy. 

On his return to Bombay, where he arrived a penniless, poor, 
and shipwrecked sailor, he immediately looked out for another 
vessel, and soon shipp^ on board the Qwn^tma, a large Ihdia- 
man employed in the China ■trade; and for sevaral years ho 
sailed with her and the Anna,Aa the capacity of first mate, and 
mode many voyages between Canton, Bom^y, and Calcutta; 
but he never forgot the resolqtion he had formed after hia mis¬ 
fortune at Diego Oarcia; ana “ ho was clever enough to see 
that the great objects in life fats accomplished leas by dexterity 
and address than by a strong and undoviating purpose.” His 
notes and observations had increased to a mass that only re¬ 
quired arrangement. By the most careful study he had perfected 
himself in the whole theory of navi|;ation, especially that portion 
whioh bore cm. Oriental hydrography; be bad familiarised him¬ 
self with lunar observations; and during the short intervals of 
his stay in harbour hod taught himself the meohanioal part of 
his future ooonpatibn by drawing and etohing.. During two 
of the voyages which he made te China by the Eastam route, he 
constructed three charts, one of the Strait of Maeassor. between 
the isles of Borneo and Celebes; another of the western ooast 
oi the Philippine Isles; and a third, of the tract from Dompier's 
Strait, through Pitt’s Passage, towards Batavia; and all these 
were ocoompanied by practi^ sailing directions. These charts 
he presented to an dd friend aad shipmate, ^Runaas Brum, than 
at Cantcln, where they were ahown to several Indhua captains, 
and to Colonel John Ihrummond (son of ‘Viscount StiwtiiaJlan, 
who fdl in the Prince’s cause at Colloden), then at the head ol 
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fii 0 Enffliali factoty in Canton. By Ida influence they were 
published in Loudon, under the patronage of theXionrt of Di¬ 
rectors of the East India Company, for the use of their ships. 

Court also presented a letter of thanks to their author, 
together with a handsome sum of money, to enablo him to pro- 
ouro some nantioal instrumonts of which he was much in want. 

When first mate of the Carron, he returned to Britain in 
179fi, and the excellent trim in which he kept that ship won 
him great praise from sovoral naval men, vdiilo his soientifio 
aoquirements procured him the auquiuntanoe of Sir Joseph 
Bulks, Mr. Dalrymple, hydrographcr to the East India 
Company, Dr. Moskelyne, the Asteonomer Koyal, and other 
men of scionoo. Ho was now employed to convey troops to 
Forto Itico and Trinidad, after which he quitted the Carron, 
and in 1798 was mado captain of the Anna, his old ship, and 
with her mode many more voyages between China, Bengal, and 
London, his nantioal notes being daily and nightly—oven 
hourly—^his poouliar oaio. From the Ist of April, 1802, to the 
middle of February, 1804, ho kept a register eiiery fowr hours of 
the rise and fall of the mercnry in two marino barometers, and 
found “ that while it regularly obbed and flowed twice daring 
the twenty-four hours in the open sea, from latitude 20° N. 
to 26° S., it was diminished, and sometimes wholly olietructed, 
in rivers, harbours, and straits, owing to the neighbourhood of 
the land.” This important discovery ho transmitted to the 
Boyol Society, and it was published in their “ PhUosophical 
Transactions ” in 1805. At Bombay he boeame proprietor of a 
valuable astronomical clock belonging to one of the French 
vessels which had keen sent in quest of the 4oBt voyager, the un¬ 
fortunate La PorouHO, and regulating his own chronometers by 
it, ho waa enabled to make many valuable observations on the 
satellites of Jupiter; and these ho forwarded to the Qreenwich 
Observatory. About the same time he prepared a chart of the 
■Strait of Allas, a dangerous channel through the Sunda chain 
of islands between Lombok and the west coast of Sumbawa; 
and this and other surveys wore immediately engraved for the 
use of seamen sailing in those seas. 

Captain Horsburgh was now urged to publish, for his own 
pecuniary benefit, the result of his observations and discoveries; 
but the expense seemed too great for a mere master mariner, 
and might dissipate all his savings, then amounting to J£6,000, 
Botnming to London in 1805, he published by subscription 
“Uirootions for Sailing to and from the East Indies, China, 
New Holland, the Capo of Good Hoi>e, and all adjacent ports,” 
the result of twenty-one years’ hard experionce in the Southern 
and Eastern seas. So correct were somo of the charts in this 
publication, that their very accuracy nearly marred their produc¬ 
tion ; for with such care and minuteness “ were the bearings of 
Bombay harbour laid down, that it was alleged they would 
teach an enemy to find the way in, without the aid of a pilot. 
It was no wonder, indeed, that these wore so exact, for he had 
token them with his own hands during whole weeks in which 
he hod worked from morning till night, under the fire of a 
tropioal sun.” 

In the same year of this publication occurred his marriage, 
by which he had a son and two daughters. In 1806 he waa 
mado a Fellow of the Boyal Society, and four years afterwards 
was appointed, on the death of ids friend Dalrymple, hydro- 
grapher to the East India Company, and he now devoted his 
whole energies to the constructica of those charts which still 
oontiune to bo tVie text and standard of our Eastern ocean 
navigation. In 1816 ho published “ An Atmospherical Begister 
for indicating Storms at Sea,” together with a now edition of 

Mackenzie’s Treatise on Marino Surveying." In 1819 ho 
pnhhahed his “ East India Pilot,” and contributed to the Boyal 
Society a Paper on the ” Icebergs of tho Southern Hemisphere.” 
In 1835 he published a “ Chart of the East Coast of China,” drawn 
friim personal observation, having tho names of all the localities 
in Chinese oharaoters, and in ^glish, translated by himself; 
and ibis was his last work. For six-and-twenty years after the 
date of his appointment as hydrographer, he was indefatigable 
in the great cause of htunanity, preparing and correcting 
ohorta—true to the vow he had made on that night when the 
Atlas perished on the rocks of Diego Garcia; and to that cause 
he may be said to have fallen a martyr, for the long hours he 
epwt a the oedd, damp vaults of the India House, poring over 
and oompering soientifio doouments, maps, plana, and charts, 
together witii his enthusiasm in, end general oloae study of, the 


science of hydrography, broke down a oonstitntion tihat was 
otherwise robust and hardy. His last labours were addreased 
to tho pubhoation of a new edition of his favourite work, “ Di¬ 
rections for Sailing to and from tee East Indies, eta;” with 
many additional notes; he had it aU ready for the press, eavo 
the index, when Death laid liis hand upon him; and in his last 
illness he said to his friend and patron, Sir Charles Forbes, 
” I would have died contented, had the blessed God been but 
pleased to allow me to see that book in print; ” and his last 
words were about tee disposal of his works, so that they might 
bo mode available for more extended nsefulness, as guides for 
all ships at sea ; and to this charge tee Direators of the East 
India Company honourably aooeded, taking care in the mean¬ 
while that his children should benefit by the arrangement. 

On tee 14te of May, 1836, he died of hydrothorax, in his 
seventy-fifte year; 'and a striking public aoknowledgment of 
his great merit is contained in the report of shipwreoks (by a 
Select Committee of tho House of Commons), which refers to tea 
highly valuable labours of tee East India Company's maritime 
ofiioeiB, and tho “zealous poisoveranoe of their distinguished 
hydrographer, tee late Captaiu Horsburgh, whose Direotoiy 
and oharts of tho Eastern seas have been invaluable safeguards 
to life and to property in those regions.” It is pleasing to add 
that the lessons he roooived from his pious old father, before 
he lof^ his native place in the humble post of a cabin-boy, were 
never forgotten by him in all his subsequent career, as he “ was 
over disteiguishod by tho virtues of gentleness, kindness, and 
charity; and even amidst his favourite and absorbing studies, the 
important subject of religion employed much of his thonghte.” 

Ho wrote several treatises in defence of church establishmenta, 
and a few months before his death he published a pamphlet on 
polemic theology, entitled “ A National Church Vindicated.” 

Such was the useful career of this distinguished merohant- 
mariner. _ 
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DBAWING FOB MACHINISTS AND EKQINEEBS. 

PBOJISCTION AND DEVELOPHBNT. 

In this plate tho projeotion and development of a cylinder, 
penetrat^ by two other cyUnders at different angles, are shown. 

Fig. 220 is the elevation of tho object, of which it is required 
to project the plan. 

Draw a horizontal line in the lower plane, and from A and B 
of the elevation drop perpendiculars meeting it in a', b' (Fig. 
221); then tee distance between these two points w^ be the 
entire length of tee ground covered by the object. 

Now to find tee width of tho plan, draw the central line or 
axis in tee elevation, c d, and frran c and d draw perpendioa- 
lars passing through tee lino a' b' in e and d. 

Tho line c d is then tee plan of tee axis. 

At any pai-t of the axis of the elevation describe a eirole equal 
to the truu section of the cylinder, and through its oeutre draw 
ef at right angles to c D. 

On each side of c and d in the plan set off the length of tee 
radius of tee eirole, o d', o d"—viz., cd,c c", and d d', d 

Draw o' d' and c" d", which will give the width of tho straight 
part of the cylinder. 

Now it must bo remembered that the drole drawn at o repre¬ 
sents the section at ^ki angles to tee axis, which fur the 
present iiurposo is supposed to bo rotated on e f, and this will 
explain tee following process:— 

Divide tho oirelo into any number of equal parte in the points 
h, , d’, g, m, etc.; teen the length of tee lino joining tho 
poihts, os m n, which are opposite to each other, will represent 
tho width of the cylinder at that part os it would be seen on 
looking down upon it. 

Therefore, through g, h, i, j, k, I, i», n draw lines parallel to 
tee axis of the cylinder and cutting tho end of tee cylinder in 
•m' n', gf h', *' j", and k' I'. 

From those points drop porpendicnlaw pahaing through tes 
.plan, and on them from the oentral line, a' b', sot off tee 
lengths of tee linos drawn aoross tee circle, measuring from 
tee line ef; thus, g" h" and i" j" in tee plan will b« tee same 
length as tee linos jr fc and i j in tee eirole o, etc. Through 
these points the ollilwe is to be drawn, which is tee horizontal 
seotion of the cylinder at this angle, and here seen in plan. 

It is aoaroely neoessarj to m e nt io n 'teat tee oad on whioh 




teen tiuit (ha Hae L S, wliieh la diMm at the widest i>art of this 
anikUn oyliader, mterweta s c at right angles in K; there¬ 
fore, from X drop a perpendienlar whioh will eat cf d' and c” i>' 
in X' X*. 

Fnm o drop a perpendienlor onttmg a' b’ in o', and from tho 
points where the lines drawn tiizoagh m, n and g, h out a x in 
the eUratian, draw perpondionlars interso^ng the oorreBponding 
horiaoBtals in the plan, tbna obtaining the points throngh which 
the jtra^on ovnre, x* o' x', is to be drawn; the portion j x is 
to be prpjeoted in the same manner. 

Now, agniXi ftom the points where the linee drawn throngh 
M«, eto., in the elevation oat O x and t x, draw lines parallel 
to ti X, entting K frin severs! points, left mattered to test the 
knowledge of tto etadent. From theea pmnts perpendiontate 
•aa be be drawn intereecting the horisoatala in ^e plan, whioh 


' Fig. 222.—^Draw tho horizontal o' o" eqnal to the diameter* 
of the cylinder. At o draw a porpendionlar to r, eqnal to o p, 
in Fig. 22t, and set off on it the lengthe x and s—^the dis¬ 
tance of the points at which the lines drawn throngh ij and 
It { oat O P —^viz., B, B. Draw linos thron^dr B and S punllel 
to o' o" (Fig. 222), and make them equal to i / and h I in tire 
otrele o (Fig. 220). 

ThxOogh o, t, k, p, I, j, o” draw the half ellipse, whioh is the 
form of the section at o p m the elevation. 

Fig. 223 is seotaon at K o, and Fig. 224 is the section at 
o X and 3 K. 

Fig. 225.—order to derelop tho satfaoe of this cylinder, 
draw a horizontal line, ae X X, and a perpendioolai, as ir s'. 

Now retoming to the elevation, prodnoe the line B x, end 
draw u A at right angles to it. 
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It will bo seas that this addition oompletoa the lower end of 
the eylinder, ae if that portion were embedded is the gronnd- 
plone; thus t]m.ieal len^ of the cylinder is proved to be the 
distance between u and b, and it will be clear that if ^e 
cylinder stood on k a, the height of each point in the section 
wonld be the length of the perpendicolate drawn from them; 
bnt they would be further apart than they appear to bo on the 
elOTaiaon, in which they seem to booome closer as they recede 
from the centre line. 

Therefore, from »' (Fig. 225) sot off the divisions h, i, d', 

g, m, e, and I, j, d", h, n, e, measured from the seotion in 
Fig. 220. 

XVom each of these points erect perpendionlars. If the circle 
be large it ia advisable to divide again, so as iio obtain more 
perpendionlarsi as shown on the left side of the figure, einoe by 
this means the difference between the arcs and the straight 
linos represented by the divisions is diminished. 

Now from Jtf, in Fig. 225, mark off the length kb, taken from 
Fig. 220, and on each of the perpendiculars mark off the lengths 
of the linos correspondingly lettered in Fig. 220—viz., measnring 
from A K in Fig. 220, and sotting off the distances from the 
line x X in Fig. 226. Now through e, m, g, d, i, k, b', I, j, d, 

h, n, e, draw the curve for the top of the cyliiider. 

From each of these points set off the uniform length, B x, all 
the Uncs in the elevation parallel to n e being of the same 
length. The curve drawn throngh those points will be tho 
form of tho lower end of tho cylinder. 

It will bo soon that tho lines of penetration, w O and O F 
(Fig. 220), out throngh the parallel lines throngh i, j and k, I 
in r, a and b, s. 

Measure tho distance of those points from A K, and sot 
them ofN>n tho perpendiculars in Fig. 225, as already shown, 
and tho curves formed in joining the points will bo the shape of 
the aperture which would receive the cylinder on which tho 
obliqne one rests. 

The opening a x jr is obtained in tho same manner, and is 
drawn half on each side, tho metal or covering of tho cylinder 
being supposed to be out open on tho lino / A. 

Figs. 226 and 227 are tho developments of tho smaller 
cylinders, which, being obtained in tho manner just explained, 
require no further comment,* 

MECHANICAL DRAWING (emtinwd), 

TUX TXXTU OF WHEELS. 

In order to transfer motion or force from one axis to another, 
wheels furnished with teeik are employed, and although tiie 
mathematical calculations connected with tho forms, etc., of 
teeth do not oome within tho province of these lessons, tho 
method by which those forma are to bo drawn is a necessary 
and important part of our subject. 

If two oircular plates, A and n (Fig. 228) were placed so that 
their .edges touched each other, and one of them wore rotated 
cm its axis, it wonld oommnnioato motion by “ tolling contact" 
to iho other; but, of conrse, we could never expect very great 
foroe from snob motion. 

Now tho transmission of force ia ono of the conditions of 
machinciy; therefore such means are taken os shall enable the 
wheels, not only to communicato^otion, but power as well. 

One moment’s refleotion will convince the student, that if 
the edge of a penny be presaeft against that of a farthing, 
whilst the latter ia held between tho finger and thumb, the 
farthing will only move round whilst it is being held very 
loosely, because the edges of both tho discs are smooth. If, 
however, a hi^f-crown and a sixponoo be substituted for tho 
former coins, the additional friction caused by tho milled edges 
win allow of the sixpence being moved by tho half-crown when 
held mnoh more tightly than the farthing; in other words, 
the projeotioBS (or teeth) on the edges of the discs enable 
them to overoome greater resistance than if they were smooth. 

It is olear, that although A (Fig. 228) wonld move b when 
tiieir oireumferenoes touched each other, yet if a weight at¬ 
tached to a cord were wrapped round the atle, as shown in the 
figure, resistanoe would be offered, and the edge of A wonld 
iUde against that of B. 

Let, hoNever, a pin bo inserted at c in A, and another at D 

* For dementsxy lastmotlon aa to development of lyUndeta oad 
their sections, the studaat to rsteRed to loHons oa " Frojeotloa.'* 


in B, and it is easy to understand that as the one presses 
against tho other daring rotation, motion and force will be 
communicated. 

Bnt these pins could not pass each other, because the points 
of tho circles on which they are situated wonld gradually 
approach until they absolntdy touched each other, as at I. 
q^e motion wotdd therefore be stopped altogether, or tho pins 
wonld bo broken off. It is therefore necessary t^t between 
tho teeth spaces should bo cat which shall sink into the edge 
of the disc, as shown at v and a. Then as the tooth approach 
each other, tho point of tho ono ontora into tho space next to 
the other, and thus tho action is oontinned. The motions, 
then, of wheels are exactly the same as t^oso of two oirolea 
rolling upon each other. 

The original circles which roll on oooh other are called tho 
piteh-eirelea, and when tho system consists of a wheel and rack 
(a circle rolling on a straight line), the line on which the circle 
roUs is called the pitch-line. 

Tlio great effort of the engineer in designing tho teeth,, is to 
enable the wheels to move with on accurately uniform motion i 
the various forms given, and the mode of constructing them, 
will form tho subject of our study. 

There ore various kinds of wheels: the following are the 

such as have their teeth standing out directly 

&om tlie edge. 

When the tooth are made of wood, and inserted separately 



into the rim, they are termed cogs, and tho wheel is called a 
cog-wheel —a form much used in mill-work. A sketch of this 
kind of wheel will be given in a future lesson. 

Pace-wheels bare their cogs or pins x>laaed perpondioularly to 
tho face of tho wheel. 

Qrown-wheels have their tooth standing perpendionlar to tho 
rim, as if tho teeth had been first cut on a straight strip, which 
hod afterwards been bent round. 

Annular-wheels are such as have thoir teeth out on the inside 
of tho rim or ring. 

Bevel-wheels are portions of cones—tho teeth being out on 
the slanting stu-foco : they are, in fact, spur-wheels, tho teeth 
of which are on the conical side, instead of tho edge. They 
convoy motion when the axes arc at angles to each other. 
When tho cones arc equal, they are called mitre-wheels. 

It is sometimes convenient that the axes at bevil-wheels 
should pass close to each other without intersecting; the teeth 
have then a poonliar form, and the wheels ore colled skew- 
bevels. 

The curves generally used for tho form of tho teeth are the 
cycloid, the epicycloid, and the hypooyoloid—^the construction 
of which will bo fully described in “ Practiool Gleomotry applied 
to Linear Drawing.” It will, therefore, only be nooessaiy here 
to remind tho student that the cycloid is traced by any point 
in a circle whilst rolling along in a straight Kne; that the 
epicycloid is traced to a point in a circle rolling against the 
edge of another circle; and the hypocyolcid is the curve traced 
by any pennt in a circle rolling round the inner side of the 
eircimfereg.ee of another circle. 

The circle whioh forma the oarvo is called the generating 
drele. When tho diameter of the generating cirdle to equal 
to the radius of the circle in whiidi it rolto, the bypcoyoloid 
bancT u ee a straight : this will be referred to hereedter. 


jnost important 
Spur-wheels a 
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OPTICAL INSTRUMENTS.—V. 

BT BAiniXL EiaHUET, F.0.8 
SPBCTAOLBfl FOB THE PEESBYOPIO leontimutd). 

Ten* following table, drown up by Dondero from carefully 
reooxded Btatistioa, may prove oi eerrice to the optician as a 
guide to what glaesee are required at different ogee in emme- 
tropia, with normal aoutoncss of viaion, and aooommodation for 
writing and for reading ordinary typo 


a 

Aox. 

Qiasbxs Bsqrissu. 

d 

Distance 
of Distinct 
Vision, 

« 

h 

luFresenl. 

£. 

e 

In Original. 
E.» 

B. 

For Point. 

Hear l^oint. 




Inches. 

Inches. 

Inches. 

48 

l-«Hh 

1.60th 

14 

60 

10 

BO 

1.40th 

'1-lOtli 

14 

40 

12 

65 

l-SOtb 

l-28th 

14 

80 

12 

68 

l-22ud 

l-20th 

13 

22 

12 

60 

l-lSth 

l-16tb 

13 

18 

13 

62 

1-Uth 

l-12th 

13 

14 

12 

65 

1-mh 

MOlk 

12 

13 

11 

70 

l-lOth 

l-7r>Ui 

10 

10 

10 

75 

l-9tli 

l-O'Sth 

9 

9 

e 

78 

l-Sth 

i.s-r>tb 

8 

8 

8 

80 

l-?Ui 

l-4-5th 

7 


7 


We have said that presbyopia oocuth not only in the emmo- 
tropio eye (Fig. 6, page 160), but also in the hypormotropio 
(Pig. 8), and in the myopic (Pig. 10), that is, if wo adopt 
Dondors' standard near-point at 8 inches. 

Thus, if with the convex glass which uelitralisos the hypcrmo- 
tropia (that is, renders the hypurmctropic eye capable of uniting 
parallel and divergent rays upon the retina), the neur-point lies 
at 12 inches, the patient is not only hypermotropin, but also 
presbyopic, and ho will require two different pairs of convex 
spootaolcs—one pair to enable him to sec from 12 inches to 
infinity, and ano'&or stronger pair, which will bring Ids near- 
point nearer tlian 12 inches. 

Or should the patient iKJSsesB n myopia — ■,>, (hia far-point 
lying at 16 inches from the eye), and we find his near-point lies 
at 12 inches j then he is not only short-sighted, but long-sighted 
also. Hia myopia --- his presbyopia (os shown above) — 

The opinion of ocuILsts is divided ns to the proper time om- 
metropioa should begin to use speutoclos. On the one hand, 
it is assorted that the employment of convex glasses should bo 
deferred os lung os possible ; and to this prejudice the vanity 
of human nature is too ready to givo support, the adoption of 
spootaelcs being in such coses regarded os an outward visible 
sign of on inward material decay—of tlio advent of age. But 
must it not be regarded os folly to unnecessarily weary both 
eyes and brain, in guessing, with much trouble, at letters 
stitches in needlework, etc., which could bo seen distinctly by 
the aid of spootnelosp 

But, on the other hand, on opposite error of judgment pre¬ 
vails, vis., that, by recommending the early employment of 
weak apeotaolos, tiio power of vision may be preservod j hence 
such terms os “preservers,” “conservative spectacles," in 
oonnoetion with which may bo noted the introduction of 
“amber glasses,” “ tinted spectacles ” (light yellow, pink, or 
blue glosses), ei Jioe genus oinne. In connection with the 
latter, the following oontion may bo given—^viz., that most per¬ 
sons are ready to employ them, on account of their agreeable, 
soothing influence; but we must remember that coloni^, oven 
bat sligbidy-tinted glosses, withhold from the retina the ordinary 
stimulus of white light, so that its sensibility is abnormally 
inereosed, and thns they create a permanent necessity for their 
constant use. It need hardly be said that a more than normal 
sensibiliiy in the retina is on inoonvenienco, which, moreover, 
predetermines to disease. The common sense of the question 
seems to be, that so long as the eye does not oir, and romoiiis 
bee from fatigue in the work required of it, its own power is 
sufficient, and it ia inexpedient to seek nnnooesaary assistanco 
from oenvox glassea. On the eontrory, as soon as the eye begins 
to fed teased by the every-day woii required of it, the aid of 
the optidan, or the advice of the oonlist, dionld be sought. 

• TUs wiO be mtsnad to mdin tissttMnt of Byftmtlnpia oegsMta, 


Another qnestion. anses. After oommenoing tiie use of 
spectacles, how often ought the sights to be ohangedf The 
answoriss As slowfy^as possible; forevery advance is, as it were, 
a milestone passed on the road to virtnol blindness—tiiat is to 
say, were the rate of change too rapid, and the person lived to 
an advanced age, a point might bo arrived at when the optidan'e 
resonroea would be exhausted, and then the dimmed sight eonld 
no longer be sided, for the deepest Ions would have been passed, 
and found to fail with inoreasing years. 

The proper oonrso is to nse the weakest speotaoles that will 
give the desired assistance, only in the evening, and to keep 
these for day spectacles so soon as stronger glasses are re¬ 
quired for evening work; and so with every change, the weaker 
glasses being used for day, the new and stronger glosses for the 
evening. Moreover, the weaker glasses should bo used for 
writing, while the stronger ore reserved for reading; for the 
reason that the wearer can see with them at a greater distance, 
and to avoid the bent position for writing which becomes a 
enstom with the short-sighted—a position injurious to the eyes, 
as it tends to throw the blood to the head, and so cong^est them. 

And here it may bo noted that should a person apply to hia 
optician for sn increase in the power of his glasses, at shorter 
intervals than ia usual, and a rapid increase in his presbyopia 
is really observed, this may bo suspected as a premonitory 
symptom of “ glaucoma,” especially if a greenish opacity behind 
the pnpil is notiooable: in such case the person cannot bo too 
quickly sent to the ophthalmic surgeon, for the threatened 
disease is of a formi^ble nature. 

Contrary to what might bo expected, persons who are occupied 
almost the whole day in reading, writing, or other close work 
—even such as that of watchmaking and engraving—who are 
obliged to employ a magnifier, or as mioroscopists, do not esson- 
tially injure Ihcir eye.s, nor does their range of accommodation 
diminish scarcoly, if at all, more raphlly than it does in sailors, 
agriculturists, and others, who, for the moat part, look at dis¬ 
tant objoots. At least, this holds good with emnictropics, and 
even those disposed to myopia; though muoh reading or writing 
tends to make them more short-siglited, yot such ooenpations 
have no infiuenoe on thoir range of aecommudation. 

But there are morbid conditions which cause tho raugo of 
accommodation, and sometimes also the amount of rofra^ou, 
to diminish more rapidly than usual, such as general debility 
(the result of exhausting disease), premature old ago, and glau¬ 
coma previously referred to. In all such eases, tlio optician 
should only supply speotaoles under tho gnidancoof tho ophthal¬ 
mic surgeon. 

In many instances tho optician will bo called on to adapt 
glasses to meet tho roquirouients of the calling of his oustomor. 
Some oocui>atioiis, such as minute drawing, engraving, watch- 
work, minute anatomical dissections, aud microscopical mount¬ 
ing, require tho constant uso of the magnifying gloss. In other 
work the eye, even with normal acuteness of vision, must at 
least be still accummudated for distances from 4 to 6 inches. 
In such cases convex glosses become a necessity, to render per¬ 
manent accommodation for such distanocs possible. In other 
oases, the work must bo performed at definite distances, snch 
as, in writing in largo rogist^rs, reading in tho pulpit or in the 
orohostra, in tho nse of certain mnsioal instruments, eto. It is 
often desirable to bring th^ distance of distinot vision to 
18 inohos, or 2 feet; so weaker glasses are neoossary whwe, 
in the former oases, stronger ones would bo required than 
would be given for reading or writing. Guided by sound 
principles and practical experience, tho optioian soon finds what 
spootMles meet the special requirements of each ease. 


THE STEAM-ENGINE.—V. 

STBAIC-PIFBB—THE CTUNDEB —' rBINCIFIiH OF AIiTBBtfATX 
MOTIOH—THE PISTON AND BOD — PAOEINO OF TOT 
PISTON. 

'Haviko now mastered the mysteries of the boilsT and its vaiions 
appendages, we must turn our attention to tho meohonism and 
oonstruotion of the, engine itself. This, as we have explained, 
may be, and often is, entirely separate from the boilsr, yet with¬ 
out it the engine is of no use. The boiler may be regmrded as 
the part of tbs mabbiuery where the power is gsnerat^ and tbe 
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engine ks tiluit portion where this power is brought imder control 
end made to aocomplish the ends we deaira. 

In looomotiTea and portable engines the two ore nBaaDy oom- 
bindd, the varione porta of the engine being aocurely fastened 
to 1^0 boiler itself or the framework which supports it; but 
this is done merely as a matter of oonvenience. In large manu¬ 
factories, where much machinery is employed, the boilers arc 
almost uniTcrsally separate, and often at a distance from the 
engines to which they supply steam; and this is the most 
general plan. There are usually several boilers placed close 
together, and they may be employed either singly or together; 
so that in case of any one requiring repair, steam may still be 
generated in the rest, and no stoppage of the maohinery is oaused. 

Several engines ore often dtivon from one set of boilers. In 
many oases, indeed, a small engine is attached to the maehine 
it is to dnve, and is made a part of it, and a small stoani.pipo 
is then connected to it. This is often found to answer better 
than driving tlio machine from the ordinary shafting, and has, 
besides, nnotlier advantage—viz., that if flexible steam-piping 
be employed, the inauhine may easily be shifted from place to 
place without altonug the connections. In tlto coso of pumps, 
this is frequently found to bo a very great convenience. Cranos, 
centrifugal drying machines, and various other small machines, 
ore frequently thus fitted with an engine of their own. 

It will, however, bo much better to defer the oonsidoration 
of these special engines for the present, and first of all to inquire 
carefully into the construction and action of the various parts 
of some simple form of engine; and, 
having done this, the Various modifications 
introduced will then bo far more cosily 
understood. 

Wo will therefore inquire in this w.ay 
into the priuciplo of the mo.st common 
form of engine, such as may frequently 
bo scon in any largo factory, and is known 
OH a “ low-prossuro beam engine.” 

Various linos of shafting run along tlio 
different floors of tbo building, all of which 
ore set in motion from tbo engine. All the 
various machines are then driven from this 
shafliug, pulleys or sheaves being fixed at 
various intervals along it, over which 
21. straps pass to the difi'erout driving-pulleys 

of the machines. 

In the boltor wo havo a ooutinoal produotion of steam at a 
high pressure, which will find its way into the air as soon as 
any osoapo is provided for it. The first tiling, then, is to 
oonduot this steam to the engine. For this purpose a pipe 
starts from inside the boiler, and passes through it and on 
to the engine. The month of this pipe u usually placed in tho 
upper port of the steam-chest, or, failuig this, as near the top of 
the boUer as possible, so as to guard against the fine spray, wliieh 
is produced by tho lupid ebullition, entering tho pipe with tho 
steam, and being deposited in it or in the various parts of 
the engine. Much care is required in arranging for this, as 
otherwise excessive oondonsation of water, toelinically culled 
“ priming,” will be produced, causing much inoonvonienoo aaid 
loss of power. » 

Wrought-iron piping is usually employed for tho passage of 
the steam, and it should bo of suCcient diamotor not to impede 
the passage of the steam, since that would cause a material 
diminution in tho presenre. This piping has to bo very oarefnlly 
mode, and tested for strength. At tho ends of oach piece are 
flaugea with bolt-holes drilled through them, and their faces 
are turned so os to bo nearly true, 'l^en two pieces are to be 
joined together, some hemp paokiug, well smeared with red lead, 
ia laid ai^rally on one face, the other is then brought up against 
it, bolts are passed through the boles, and fdio nuts are firmly 
screwed on (Fig. 21). The joint thns prodnood will last in¬ 
definitely, and if carefully made is perfeotly steam-tight. Other 
kinds of packing are aometimea employed in place of hemp and 
ted lead. 

When the engine is at any diatanoe from the boilers, and 
the steam has therefore to travel along many feet of piping, 
there is a considerable loss of heat by Elation from the pipo. 
To guard against thia it is nearly always pooked with atraw, 
or oovered with wood, felt, or some other non-oondnetiiig mate- 
iM. Very frequently this “lagging” brings up tho sizo of 



the pipe to that of tho faoe-platea, so that they ore hidden, and 
the pipo appears to be of uniform size throughout. The Bteam* 
pipe nsnally leads diroot to ihe cylinder, and it always has a 
valve in it near this point, by means of which the steam oan 
be shut off when we wish to stop the engine. Besides thif , 
there is a valve placed just where tho pipe leaves the hollar, 
so as to shut off steam there in ease of any injnry to the first 
valve or the pipe;' and in addition to those there is 
usually a “ throttle-valve ’ ’ in 'the pipe, which ia moved 
by the governor boHs, and serves to regulate the 
supply of steam in accordanoe vrith the requirements 
of 'the engine, as will bo fnlly shown hereafter. 

The amount of foroo existing in tho steam 'will, by a 
moment’s consideration, bo seen to be very great 
indeed. As already explained, a cnbio inch of water 
when converted into steam occupies at the pressure 
of tho air very nearly a onhic foot—^tliiit is, it expands 
1,700 times. In doing this, it has to ovoroome tho 
pressure of tho air, and therefore exerts a pressure wM* 
equivalent to raising a weight of 15 pounds to a 
height of 1,700 inches. 'This will bo more clearly 
seen if wo imagine our cnbio inch of water 'to bo 
placed at tho bottom of a tube of indefinite length, 
paving a sectional area of exactly one inch, and -to 
nave above it a piston, fitting 'the tube air-tight, but 
supposed 'to be without weight, and to move without 
friction (Fig. 22). Now tlie air presses with a force 
of 15 pounds on a sqnaro inoh, and as this is the I*- 
urea of oqr tube, wo may regard tho water as pressed Pig. 22. 
upon by a single weight of 15 pounds. Now lot tho 
water bo gradually converted into steam, the piston will rise 
till it attains an elevation of 1,700 inches, or 142 feet nearly, 
all the time resisting the pressure of tho air, which is equivalent 
to lifting a weight of 15 pounds. This, then, ia tho work accom¬ 
plished by tho evaporation of one cubic inoh of water—15 
pounds raised 142 feet, or 142 x 15, that is 2,130 pounds raised 
one foot high. To remember this we may express it in tho 
following statement, which can easily bo borne in mind:— 

The force produced by tbo evaporation of a cnbio inch of 
water is sufficient to raise a weight of nearly one ton 'to a height 
of one foot. 

Only a small portion of this force i.s utilised in any engine at 
present oonstractod; but wo must now seo how this portion is 
ntilisod in the ordinary forms. Various plans for driTnug 
machinery by moans of this foroo have boon suggostod and 
tried; some havo let tlie steam, as it issues from a jet, strike 
against a set of vanes, and thus impart motion to them; others 
have suggested the employment of a wheel similar in construc¬ 
tion 'to tot used in the water turbine; but tbo only plan 'that 
has come into nso has boon the employment of a cylinder with 
a piston moving up and down in it. 

'.rhe cylinder consists of a strong cast-iron tube of largre dimen¬ 
sions and of considerable thickness. 

Its size varies -with 'the power of the 
engine; bnt it is nsnally abont half as 
long again as its diameter. Its interior ■ 

Burfaoe is bored or turned with groat e S 

care, so as to bo perfectly cylindrical _ 

and of uniform diameter thionghout; K P 

it should also be ffOe from flaws. j ® 

Covers or caps ore firmly bolted cn to ‘ H 9 

each end, tho joints being packed so ' 

as to be perfeotly steam-tight, and ; 

suitable apertures are mode near the f. ^ 

end to provide for the ingress and i 

egress of the steam. As it has to pj 

withstand tho pressure of the steam 

and the jarring of the piston, this 

cylinder must be firmly and strongly . mu.| E 

mode. 

Inside this 'there is a piston which oan move up or down, but 
fits Bteam-'laght. It is like'wise composed of metal, and is 
virtnally a disc of oonsiderablo tbiokness firmly attach^ to the 
piston-rod, whitffi moves tlirough on opening provided for it in 
the upper cover. We can now nndoratand, by reference to 
Fig 23, the manner in which this piston ia driven by'the steam. 

Let ns first of all suppose That the piston is of oonsideniible 
w^ht, and is nearly at the bottom of tho cylinder, which 
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is so snangcd that it cannot quite teat in'contact with it. 

ateam from the steam-pipe is nov allowed to enter the 
lower end of tho ojlinder, through the port b. Its pressure at 
onoo overoomoa the weight of a and the pressure of the air on 
its upper surface, and raises it to tho top of the ojlinder, the 
sir which previously occupied that space being driven out 
through s'. 

If now the steam be shut off, and the {Hpo removed, or, 
aimptor still, if a second opening bo provided, the weight of the 
piston will drive out the steam into thb air, and force the 
piston down again to the bottom. 

Steam may then be re-admittod, and tbo piston will be 
driven up again as before, and in this way an alternating move¬ 
ment of the piston-rod is obtained, which may easily be oon- 
verted into one of rotation. This, thou, is the simple principle 
of tiie engine, and, as will at onoo be seen, the obiof diffioulty 
here would bo to provide somo means for making tho lower 
port of tlio cylinder oommunioate altemateiy with the steam- 
pipe and with the sir. This may, however, bo easily accom¬ 
plished by means of a two-way oook, as shown in Figs. 24 and 
25. In each figpue c represents tho pipe communicating with 
the lower part of the cylinder, and a the steam-pipe, while A is 
open to the air. The passage through the plug of the cock is 
ourved, im seen in tho section, and when in the iiosition shown 
in Fig. 24, a direct path is opened for tho stoam to pass into 
the cylinder, while all oommunioation with the air is cut off. 
HVhen the piston reaeboa the top, tho tap is turned one-fourth 
of a revolution, to tho' position shown in Fig. 25; the steam is 
thus out off, and that already in tho cylinder con escape 
through A into tho air. 

In this, which is tho simplest form of engine, there ore 
many important del'oct.s which have subsequently been to a 
greater at loss extent overcome. The prossaro of the air, it 
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■will be observed, obstmots materially the upward progress of 
the piston, since it presses on every square inch of its snrfaoo 
with a pressure of fifteen pounds. It does not, however, aid in 
driving it down, since when tho xnston is descending, both sides 
ore equally exposed to its pressure. There is, therefore, in this 
way a very great loss of power. This is almost entirely 
avoided when a condenser is used. The steam then, instead of 
ksning into tho air, is alhiwed to pns.s into an exhausted vessel, 
in which it is condensed into water, and a vacuam thereby pro- 
dnoed. Tho pressure of the air then impedes the ascent of tho 
piston as much as before , but, since there is a vaonum in tbo 
lower end of the cylinder, it aids the deseerat in almost the same 
degree, and thus, on the whole, there is little loss. 

Another disadvantogo of this form of engine is, that its 
action Is very uneven. Tho piston is driven by tho force of the 
etsam to the npper end of the cylinder, while tho return is 
aooomplisbed merely by its own weight, or any weight with 
which it may be Jo^ed. In some oases, however, this is not 
nearly so groat a drawback as in others. 

In a pumping-engine, for example, the whole stnun is when 
the pnmp-rods are being raised, their own weight being suffi- 
oient to carry them down again. A single-acting engine is, 
iheieforo, employed for this purpose; the piston is, however, 
nsnally foroed from tho top to the bottom of tho cylinder, the 
pnmp-rods being attaohed to the other end of the beam, so 
that the water is raised while the piston is desoon^ng. In a 
future paper we shall introdneo as illustration of this engina, 
and enter into the details at its conatraotioB. 

If we return now to onr original cylinder (Fig. 23), we shall 
easily see that, if by any means we oansa the steam to enter 
ntteraately at the npper and lower ports—the other port, in 
•ftber oa^ being in cornmnAioation with the Bir>-wB can 
Mfce a donble-aetint engine, the puton being now drivm in 
m/it diieation, instead of in one only «• in the taraut oaee. By 
gabf ft fovr-way oook thia may aa/Qy be dime, aad we shall 


thus have a model showing the principle of the donble-aoting 
engine. The student will from this understand the principle 
on which the steam-engine sots, and we can therefore turn 
our attention now to the oonatmetion of tho piston and 
piston-tod, and tbo manner in which the supply of the steam 
to either end of tho cylinder is regulated. 

The piston is 
usually made 
either of cast-iron 
or brass, the latter 
being preferred, as 
it is lighter and 
does not so easily 
break. Bound tbo 
edge of the disc a 
deep groove was 
formerly turned, 
which was oom- 
pletely filled %vith 
well-lubricated 
packing. The piston was then made in pieoes, and tho top disc 
attached' to the rest by screws. By tightening these the 
pooking was compressed and forced against the sides of tbo 
cylinder, so that tho steam could not pass; at the some time 
the undue wear of tho piston or cylinder was prevented. Fig. 
26 will explain this mode of oonstruotion. 

In practioo, however, it is found that pistons packed in this 
way are fax from durable, and mnoh iucenveuience is often 
caused by their getting out of order. They have, therefore, 
almost entirely given place to those which maintain steam- 
tight contact without lacking, and are known as metallic 
pistons. In theso there is a very great variety in the mode of 
oonstructioii, though the principle on which they aU act is 
essentially the same. 

The groove round the piston, instead of being curved, is 
rootongalar hi section, and oontains, in place of the hemp, two 
or more packing rings, which are nsnally made of brass. These 
are flat rings, having the,same external diameter as tho piston ; 
they are made in aevorul segments, the ends sometimes being 
tonguod and grooved to keep thorn in position. The joints in 
each ring are so arranged as to bo intermediate to those in the 
others. Strong steel springs are then placed in tlio piston, in 
such a way os constantly to force tbo segments of those discs 
outwards, and the roanlt is that they press against the interior 
of the cylinder, and become gradually worn, so as oxaotly to fit 
it, atid as the pressure is uniform and the surfuees well lubri¬ 
cated, there is not maeh wear or friction. In Fig. 27 we have 
a croSB-Boction of a piston of this kind. There ore two packing 
rings, each of which is divided into two segments, as shown. 
Insido these is a thin steel ring, and then come the springs, of 
which there are five. These are made of strong steel, and may 
be tightened by the screws, which are seen behind them. 

Pistons packed in tliis manner are found to last a loi^ time 
without showing signs of wear, and may usually be easily re¬ 
paired. The'points required in any form of packing are perfect 
contact at all parts, so that no steam may pass by, and, on the 
other hand, not so strong a pressure against the sides as need¬ 
lessly to iuereaeo tho friotioif; and 
this medium nmy easily bo obtained 
by properly adjusting the scrAws. 

The piston-r^ is frequently made 
'with a flat disc firmly welded to its 
end. The piston then has a hole 
drilled through it to admit tho rod, 
and its base is countersonk, to make 
room for the disc. Whm it is 
slipped on tho rod, and is in its 
place, a pin is put through the 
piston edgeways, and holds both 
finnly tog^or. 

Ih other foms the lower end of the rod ie made somewhat 
larger and tapering, eo that when in ite place it fits firmly, and, 
BB in the former case, is ki^t from slipping by a pin ^ven 
throngh both, as shown at A in Fig. 26. 

In locomotive pistons, and other oases, where tiie diameter h 
eompantivel^ the piston and its rod an not unfreqaently 
made in one pieoe, and all fear of their beooming looeened by 
the oltornating pressore is thus avoided. 
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OPTICAL INSTRUMENTS.—VI. 

BT 8AXVKI> RIQHLXT, KTO. 

SFECT1.CL£S FOB THE KTOPIC. 

In Bdiaoting Bpeotwdea for tiie myopio, great care li neoeasaiy, 
as, oa aoooont of the morbidly distended condition of the 
ball, and of the tendency to get worse, nnsoitablc glasses might 
prove very dangerons. In some oases the myopia is so'Slight, 
that persons are not aware (as prerionsly stated) tha|they are 
really short-sighted. On direoti^ them to look at the distanoe- 

test, a decided improvement in_ 

their sight is admitted, on their 
trying alight aonoare glasses 
of 60 or 50 inohes focos. 

The detection of myopia, as 
am]o,isnotdiffionlt. Itmight 
be confounded with that woik* 
ness of sight termedamblyopia, 
for amblyopic persona,in o^r 
to obtain larger retinal images, 
hold small objects very near to 
the eye. How can we distin- 
gnish whether the patient is myopio or amblyopic ? If be cannot 
(like short-sighted persons) ^tingnish very small objeots, or 
if oonoave glasses, through diminishing the size of the retinalaj 
image too mnch, impair rather than improve his sight; and, 
further, if he can see test type No. 11. at five inches' distanoe, 
and can see tyi>o doable that size at twice that distance; then 


In determining the range of accommodation in the myopio 
eye by Yon Gn^e’s opt^eter, as previously described, we 
fonnd in the case stated that the amount of 

Now, what glasses wxmld be required to enable the patimt to 
BOO distant objeots f By the 6-inoh convex of the.optometer we 
have choa^l his eye into a very myopia one—^in fact, into a 
for we should have to plam a oouoavo of S inohes 
focus before the convex of 6 


m;^opia of J, 


number six¬ 
teen of Jager 


inohes focus to enable it to 
see a distant object, for this 
concave lens would render 
parallel rays as divergent as 
if they oame from 5 inches 
distanoe. In order to find the 
proper concave glees for dis¬ 
tanoe, we deduct concave 5 
from convex 6— 

1 _ 1 ^ 

6 5 " 30‘ 

Hence the suitable concave glass will be No. 90. 

We have thus thooretii^y found the proper glass ; but, on 
aooonnt of the oonvergenoe of the optic axes prevebting the 
eyes from accommodating themselves for the far-point (only 
attainable when we look at distant objeots with parallel optio 
axes), we should probably find in practice that this wpnld prove 


Trent 


he is amblyopic, for in this case the retinal images increase in 
Iiroportion to the size of the print, and all the weak-sighted 
require is large retinal images; whereas in myopia it is dif¬ 
ferent, for although the short-sighted see large type further 
than small, the proportion between the distance and size of the 


print is far loss. If, with a suitable oonoave lens, a 
complaining of short-sighted¬ 
ness can r^ type of the size 
shown in the words “ number 
eighteen” in this page, and 
the Words “ number sixteen of 
Jiigor,” at the same distance 
as the normal eye—viz., 20 
feet—then he is simply myopic. 

If, however, with the moat 
carefully selected glosses he can 
only read the word'‘Trent” 
in this page at the distance 
of 20 feet, then it is a case 
of myopia compKcaUd with 
amblyopia, and the loss the 
oonoave glasses oorreot, the 
greater is the degree of co-exiating amblyopia, and vice vers/l. 

We must be careful not to jump to the conclusion, that 
because a person cannot see w^ at a distanoe, be must of 
necessity be myopic; for he may be hypermetoopic, in which 
case convex, and not concave lenses w^ bo required to render 
distant objects dearly disoemible. 

In extreme oases of myopia, due to lengthening of the eye¬ 
ball, eeleroHco-ehoroidiHB posterior is almost alwsys present, 
ai^ according to Yon Gtoefe, if the far-point lies nearer than 
5 inches from tim eye (the myopia being greater than {), then 
selerotioa-eheroidilis postsriyr is present, and this dangerous 
oomplication requires medical treatment. 


too strong; for it is a rulo that wo should give the weakest 
concave spootaolos with which the patient can see oleorly and 
distinctly at a distance, so that he may only make use of a 
minimam of his power of aooommodation, and not have to strain 
it nndnly when observing near objects ; for we most remember 


person i that he will but seldom have to look for any length of time at a 

distanoe, bat at near and ^s- 
tont objects alternately.* We 
therefore let him look at the 
distance-test at 20 ft. distance, 
and find that ho can distin- 
gnish it perfectly. We now 
alternately place very weak 
oonoave and convex 
before the speotaclos, and note 
their effect. If the convex 
improves his vision, the spee- 
tacloB theoretically seleded 
are too strong, and we must 
give glasses of lower number. 
Should the oonoave improve 
vision, the selected glasses are 


number 

eighteen 


too weak. Bnt if neither oonvex nor oonoave effect any improve¬ 
ment, the speotadee that theory indicated suit exactly. 

By thus awiintiiig myopoB in seeing distant objects we change 
their eyes into normal ones, for we enable them to bring parallel 
rays to a focus upon the retina (see D, Fig. 2, page 111). We 
oan also advaatageondy assist the myopia in seeing tiiisga at a 
short distanoe, snob as reading a sermon, leotore, muaio, eto., 
at a few feet distanoe t as, for instanoe, a person wish^ to 
see mnsio, whtie playing on a mnsieal instmmant, say 2 
feet distal. Say, for objeots at sal infinite distance he is 
using oonoave spectadss of 12 indhea focus. As his myopia 
equi^ about then— 
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“ la"'*’ 84“ “24‘ 

Hence oonoare 24 wSl amble Hm to read smaio £t 2 feet 
dutanoe. It ia, boverer, a much debated qneation whether 
ahort^ighted peraoua ahould be allowed to wear apectaoleB for 
reading, wiitu^, etc.; but Dondora, one of the greateat autho- 
ritieB on the timtment of defective viaion bjr meana of apeo- 
taolea, eonaidem on phyaiologicol and^thological grounds that 
their uae is advisable, except under cironmstanoea presently jto 
be named—that thrir employment ia to be strongly recom¬ 
mended- In the first instance it ia advisable to give the patient 
weahor glaasea for reading than for distant objeota; but if bis 
aooommodation bo good, it is botter,' at a later period, to give 
him apeotaclea that will completely neutralise hla myopia. In 
the same way, as in the [proviona case, we have to determine 
what glaasea will meet the roqturomonta of a ahort-aighted 
person who wishes to road at a distance of 12 inohea. li his 
myopia s=i }, then— 



and we give him Ko. 12 concaves. For the reason previously 
given, somewhat p^aker glasses are desirable. 

We should warn such patients against bringing a book oloae 
to the eyes, on fooling fatigued from reading. Instead of patting 
it down, they bring it nearer to tlie eyes, in order to obtain 
greater retinal images, and thus strain and tax their power of 
aooommodation too much; and if this is made a praoticQ, it 
will incruaso their short-sightedness. Again, the same person 
should bo supplied with weaker' glasses for writing, if there be 
a tendonoy to congestion of the head, so that the injnrions 
resnlts of a stooping position may be avoided. 

WliOB a myopic person oomplains of fatigue, and that after 
reading without glosses for a short time the letters bocomo con¬ 
fused, blurred, and appear to run into one another, with pain in 
and around the orbit {Astlienopia —see Diplopia, page 160), 
then the mo of suitable concaves for near objects is indicated 
This kiUd of weakness of Bight is ospeoially felt after reading, 
writing, ete., in a gloon^ place or .by ortifleial light; and to 
ease the fatigu‘’> Ibu person so affected involuntarily rubs his 
hands over ms forohe^ and eyoMs. After a few minutes’ rest 
ho once more sues distinctly, but the same annoyance again 
ooonrs, only more rapidly than boforo. Tho longer the rust 
given, the longer con work bo coiitiuuod. As a rule, however, 
it will (according to tlio oxperionoe ef Dondors) be found that 
hypermetropia is at the bottom of this affection, and then 
convex (not concave) lenses must bo employed in tho ultimate 
cure. Asthenopia proceeds from fatigue of the musoalor 
system of aooommodation. 

Myopes should further be warned against anything that tends 
to produce strong eonvergenoo, or writing, or making rootilinoor 
drawings on a horizonW surfaco, to which end a high and 
greatly inclined desk should bo used; and they should be ad¬ 
vised to read with the book in tho hand. Emmetropic and 
hypeimetropio do not suffer injury as quickly as myopic eyes 
from the use of nnsnitablo glasses. It is beteer to use glasses 
that are rather too weak, or no glasses, than such as are too 
strong, for strong glasses make hypermetropic eyos myopic, and 
myopio eyes hypermetropio. As a rule, it is mu^ less injnrions 
to produce a oertain degree of myopia than of hypermetropia, aa 
in the latter osae mnoh is required of tho aobommodatire powers 
BO in myopia we must beware of glosses that ore too strong; in 
hypermetropia, those that are too weak. But wo must reoolleot 
that every rule has its exceptions, and all tho ciroumstancoa 
oonnected with each partioular case, which can exercise an in- 
flnsnoe on the ohoice of spootaclos, must be duly considered. 

Myopia is most prevalent in civilised oountrios, and, as a rule, 
in their moat oultivatod ranks; and while, on the one hand, it 
ia often hereditaiy, on the other, its foundation ia too often Wd 
in adiools—‘more paitioularly hoardfatg-sahoolB. whore by bad 
Ughte the pupils ^eod bad print in the evening, or write with 
j^a ink—and so developed in early Itfe. The causes which 
give rise to myopia are stfll more faTonrable to its further 
devdopmonk A near-sighted eye ia not a sound eye; its defect 
is not dependent upon a simple anomaly of rsfraofelon, but upon 
and pateologioal oaosee, whieh may be progressive in 
cMraoisr, and so aonstituts a triw dissase of :&e eye. The 
Inj^ar the degree of the myopia, the lees is it Ukdy to remain 


stationary. Bi yoqth almost every myopia is progressive, sad 
is then often aooompanied with symptoms of irritation. This 
is the critical period of the myopio eye. If the myopia does not 
increase too muoh, it may jteoome statumary, and mUy evmi 
deoreasq in advanced age; if developed ia a high degree, it is 
subsequently diffioult to set bounds to It—it may become tempo- 
ranly progrestiue m permanently pregre»$ive. Every progreaBiv& 
myopia’ is threatening with respect to the fixture; so that by 
the age o^fifty or sixty, if not much earlier, the power of vision 
may irrevocably be lost, either throngh separation of the retina 
from the ohoroid, from effusion of blood, or &om atrophy Mtd 
dogenoration of the yellow spot. On the advent of myopia in 
youth, all promoting causes should be carefully avoided, and ita 
rate of progress oaiefnlly watched by the ooulist. 

, SPECTACIiES POE THE HTPEEMETBOPIC. 

In myopia, through tho state of refraction being too great, or 
tho optic axis being too long (see Fig. 10, page 160), parallel 
rays are brought to a foens before the retina when the eye is in 
a state of rest; in hyi>ormetropia we have jnst the reverse of 
this (see Fig. 8, page 160), and through tho refractive power 
being too low, parallel rays arc brought to a foons beMnd the 
retina, which defect we correct by means of a concave lens 
suited to the degree of hypermetropia, so as to give the slightly 
divergent, almost pnralld rays, emanating from distant objects, 
a convergent direction, and bring them to a focus on the retina. 

In some oases stronger speotaoles may bo required fur near 
objeots also. We need not feel surprise that hypermotropios 
are often nut aworo ‘^liat they sea distant objects worse than 
other people, whereas they would soon discover any deficiency 
of sight that wonld aflect their capacity in reading and writing. 
A hypermetropio pationt usually complains that after he kaa 
been reading or writing for some time the letters become iU- 
defined, and appear to run into eaoh other, while at a distance, 
ho says, hq can see perfectly. Tho other usual indications of 
this defect Imvo been previously given. All hypormotropics 
with a fair amount of aooommodation habitually expend a. 
portion of this, to compensate more or less for tho deficient 
refractive power of the eye. The function of accommodation, 
which by normal eyes is only employed for near objects, ia thus 
by hypormotropie eyes partially, or even nearly oiolnsivoly, 
used for distant ones, which accounts for such persons fre¬ 
quently being unaware of this defect, us previously Stated. 
The proper oorroctivo convex glass can only bo found by trial 
on the distance-test. 

Wo may thus dotennino tho manifeet, and then by degrees 
ascertain and correct tho latent hypermetropia; but as the most 
oilioient method of determining this is by completely paralysing 
the power of voluntary accommodation by the application of 
a strong solution of atropine, it is palpable that this defect, 
when once diagnosed, must pass out of the hands of the optician 
into those of the ophihalmio surgeon. Tho patient’s power of 
noutraliBing his hypermetropia being thus destroyed, his vision 
will be found to be materially deteriorated, bnt may again bo- 
restored by a convex gloss of higher power than that required 
previous to tho parslyris of accommodation. 

* 

SPECTACLES POE EYES OF OIPPEEENT FOCI. 

Aa a rule, there is, in all respects, gfreat symmetry between 
the right and tho left eye; bnt occasionally,there is to -bo found 
a great difference between tho r^roctive power of the two eyes. 
We should, therefore, always teat eaoh eye separately as to its 
aoutaness ^ vision, range of adoommodation, and state of re¬ 
fraction. All imagiiuible combinations of refraction occur: with 
ommotropia in one eye there may be myopia or hypermetropiu 
in the other; hypermetropia or myopia may ooour in ve^ 
different degrees in the two eyes; or tiie one eye may be myoino, 
the oriieT hypermetropio. When astigmatism ooonrs in ene eye 
only, as a nde it will be found that in otiier respects harmony 
of refraction exists on both sides; that is, with hypermetropiu 
on one side, the astigmatism ia the other will be hyi)ermBtropia; 
with myopia in the right, there will be mybpio as^matism in 
the left; with emmettopia, tho astigmatism is mixed. With 
differenoe of refraction we may find binoonlar vision—visioa 
with eeoh of the eyes alternately—or oonatent- exeLasion of the 
. oaeqye. 

I Whqa binoenler vislen is ixeaent, at any distaaes, <mr aim 
must ^ to maintain this, and, if possible, to extend it tmt a 
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graMter region. In tbs ohoioe of gluesB, whets a difieisnoe of 
re&sotion between the two eyes exists, we'^aUowthe eye with 
least aonte visicm to renuus sabordinate to the stronger one, 
for which we supply the weaker glass, should it be advisable to 
give lenses of different fooL 

It is a popnlsr belief that when two eyes differ, as a matter 
of oonrse glasses of different foci must be necessary; but in 
praetioe this by no means follows, for it is only when extreme 
differonoe between the refraetive power of two eyes exists that 
Buoh a course is advisable. When there is only a moderate 
amount of difference between the refractive power of two eyes, 
we may give similar glasses for both eyes; and as the relation 
between the two eyes, to which the person has grown accus¬ 
tomed, remains unchanged, be is satisfied. If we adopted the 
opposite course, though we make the range of accommodation 
for botli eyes more equal, the magnitude of the images in each 
would be different, and the result unsatisfactory. 

With hypormotxupes, when there is imperfect acuteness of 
vision, it may be advantageous to produce, by means of glasses 
of different foci, nearly accurate Images on the two retinas, by 
whoso oo-operatdon the power of distinguishing is thus, in many 
instances, really increased. 

In rare casbs, when the difference between the two eyes is 
great, and binocular vision is absent, the person may believe 
himself blind in one eye, especially if that eye bo so very short-' 
sighted that objects must bo brought unnaturally near to it 
befmro they can bo recognised—so close, indeed, that the fact 
of its not being deficient in vision may only bo discovered when 
accidentally some object has been brougj;t close to that oyo. 
In such cases, while one eyo may require a lens of 20 inches 
foons, tJio other may only bo suited with a concave of 2 inches. 
The most suitable glasses must bo doterminod by careful trial. 

ASTIOMATISST. 

In astigmatism the rofrootivc power of the eye differs in diffe¬ 
rent meridians of iho cornea. It is a defect that is not remodtahle 
by the ordinary spherical lenses, but by segments of •cylinders, 
which refract only transversely to their axes. This defect is 
nsnoUy tested for by means of lines ruled at different inclina¬ 
tions to each other, such as ore given in Snellen’s test types, 
and noting which of snch lines are recognisod simultanoonsly; 
or by the binocnlor method of M. Javal, whoso tost-platcs 
consist of two similar circles, one being divided by radii corre¬ 
sponding to tho hours on a watch-face, with intermediate shorter 
radii corresponding to the half-hours ; tho other being marked 
with the hour numbers oorresponding to the longer radii of its 
fellow. Tlieso are placed so that their centres correspond to the 
distance between tho pupils of the eyes, and arc viewed through 
two lenses, say of 3 inches foci. This test-plate is withdrawn 
gradnally, till all tho lines become dim and disappear, ezoopting 
one in each disc. Then, beginning with tho lowest power, a sot 
of cylindrical concaves are brought before the eyes one after 
tho other, with their axes parpondioular to tho radius that has 
remained discernible, till the glass is found which makes all tho 
radii equally blaok. The meridian of astigmatism, together 
with tho number and position of the correcting glass, is thus 
determined. 

Tho circles cannot be discen^ unless the visnal lines are 
parallel and 'the head straight. The relative position of tho 
visual lines being a fixed one, '^is sufiiciently guards against 
any change of accommodation. Tho patient may state what 
lino ho re^y sees by aid of tho hour numbers, os these are not 
seen by the same eye that notes the radii. This also affords 
a constant test of binocular vision. 

Astigmatism may also be tested by Stokes’s “ astigma'tia lens.” 
TMs consists of two t^lindrical lenses, tbo one plano-convex 
Z of •j^; the othw plano-concave I' — The first is fastened 
into a broad metal ring, tho second into a ring that works 
within the other, to allow of those lenses rotating axially past 
each other, 'with their piano surfaces face to face. Ihe onter 
ring is graduated, and an index-point is engraved on the edge 
of the inner ting. When ‘the index points to scro or 180°, the 
axes of the two oylindrical lenses are parallel, and the combina¬ 
tion equals a oonoavo-oonvex oylindiioal lens, with equal radins 
of enrvature of the two planes, whose action is shout =• 0. If 
the index points to 90° or 270°, the axes of the cylindrioal 
lenses stand peipendioular to cme anotiier, and the system has 
its Tnavimnm ol ostigiaatio (wUon, so that by rotating from 0 to 


99° the Bstigmatum asoends from 0 to }. To save oalealatioii» 
different degrees of astigmatism are given direotiy upon the 
epgraved st^. The instrument is set to tho degree of astig¬ 
matism Buspeoted in the patient, and it is then rotated before 
the eye while it is fixed upon the distanoe-test. If improve¬ 
ment bo observed in a partionlar position, the aotion ot ‘the 
instrument may be increased or diminished until the maximum 
of distinotnoBS is obtained. The abaolnto correction of astig¬ 
matism indicated by this instrument roqtiiros great care, 
pertains to the domain of the ophtholmio surgeon'rather than 
to that of the optician, who, however, must carry out the optical 
roi^dy the surgeon proscribes for the determined degree of 
astigmatism. 


BUILDING CONSTRUCTION.—XII. 

JOINTS IN TIMBEE {ecmUnuei). 

Anothke oxodlent method of joining beams of timber is 'that 
often adopted by ship-carpenters, called “fishing” the beam; 
and this is nsed, not osdy in original construction, but constan'tly 
in repairs. 

This system consists in placing tho two beams end 'to end^ 
and clasping them between two similar pieces, then either bolt¬ 
ing or strapping all three together. In Fig. 91 both theso 
methods ore shown. If strapping be adopted, it wiU be neoos- 
sory to scarf the side pieces to tho middle jneoes, to prevent 
any chance of the middle pieces being drawn out. Scarfing 
timber will bo presently spoken of. 

This system was nsed by M. Porronot for the tieboams, 
or strotehors, by which he connected tho opposite feet of a 
centre on wldch an arch was being bnilt, and which, giving 
way under tho load, had pushed aside one of tho piers almve 
font inches. Six of such beams not only withstood a strain of 
1,800 tons, but by wedging behind them, ho brought tho feet of 
the truss 2^ inches nearer together. 

These stretchers were 11 inches by 11, of sound oak, and 
could have withstood three times 'that strain. M. Porronot, 
however, fearing that tho groat length of tho bolls employed to 
connect tbo beams of theso stretchers would expose thorn 'to tho 
risk of bending, scarfed tho two side pieces into tho middle 
piece. Tho scarfing was of the triangular kind, eUled “ Trait 
do Jupiter ” (which will bo described in connection wiOi Fig. 
98), each “jag” being only 1 inch deep, whilst tho fimos were 
2 foot long, and tho bolts passed through close to tho angles. 

Of course, tho methods hero described are open to the objec¬ 
tion that they increase tho width of tho beam at tho jnnctnro, 
and that they have a clumsy appearance. This must bo ad¬ 
mitted ; but it is equally certain that they are the strongest 
systems, and siionld in every case bo used whore absolute stability 
is of more importance than the appearance. 

The method uf joining next in simplioity is that called “ soait- 
ing,” which may be of 'tlie roctangnlar or obliqne kind. Tho 
former is shown in Fig. 92. It consists in “halving" tiie 
pieces on to each other, and bolting them together. 

Now it will be clear that, when bolted together, tho wood 
will only bo half as strong as it was before being cut, ns half 
its thickness has been out away, and thcreforo tho widths a h 
and c d ropresent all tho strength remaining in the beam; and 
oven this is injured by tbo bolt-bolos, ns already referred to. 
This is in some dogr^ remedied by afSxing iron plates at A and 
B. But although the beam thus formed might be available for 
columns, or other vertical purposes, it ■will be seen that if ex¬ 
posed to cross strain it is liable to give way ; for tho iron plates, 
being of but small section, are liable to bend under the weight, 
whilst the bolts, ■too, might bend or tear out j and against any 
forces which might tend to draw tho pieces apart no gtoatiir 
resistanoe is offered. 

The author therefore proposes-—!. That tlio ports which 
are to be halved together should be left several inches longar 
than required for the mere joint, the surplus portion of each to 
be formed into a dovetail, to bo sunk into the thick part ot tile 
other, as at A (Fig. 93). If this is done at both ends, a great 
protecstion against the parts being drawn asunder is provided. 

2. That instead ot bolts, ooupling-boxes be employed at each 
end to cover the joints, as at b. These boxes to oonsist of a 
bottom and aides, the latter having flanges to wUob the top is 
bolted. This will give perfect Btren;^h to that whioh was 
previously tbe weakest part. Two or three bands around the 
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middla part wiB oompkt* the joining, and fhew mi^ be alighily 
oountornmk into the ndei of beeine, by wbidt meena tiie paxta 
erill be atiQ more aoreiy pierented aUdisg over ea(b otiier„ 
wbilat they will not be naterially injured by the qnaotily 
of wood tiUren awaiy in that part. 

By tbia ayatem the aUe of the beam ia only inoreaaed by the 
mere thiokneaa of the iron*work, idtioh may be enaOy oovated by 
a cormoe or other joiner'a work, ahonld tihe aitaation require it. 

Fig. 94 ia an example of the obliqtte ayatem of Baarftag, and 
here agi^ it will be aeen that, if oonaideted aa two pieoea of 
wood joined, it haa aa a tie but half the atrength of an entire 
piece, anppoiing that the bolta, whioh are the only eonneotiona, 
are f^ ^ their holea. The enda of thia aoaif requite atrengthm- 
ing by plates, and a bdt ia required throngh the middle of the 


Fig. 90 diflera from Ilg. 90 only in having three kaya.* Hit 
prindple and longitudinal atrength are tiiq aaine. The iong 
aoarf of Fig. 98 tightened by three kqya enaUea it to seaiat a 
bending nmeh better. 

None of theae aoarfed tiB*beamB can have more than one- 
third of the atiength of an enMre piece, nnleaa with tiw aeaiat- 
anoe of iron platea; for if the key be made thwimw than one- 
third it will hare lees timn one-ihi^ of the fibtee to pull by. 

Fig. 98 ia the elevation, and Fig. 99 the plan of the Freneh 
aoarf before aUnded to, called " T^ait de Jupiter," which dUSma 
from the method 'ahown in Fig. 97 only in tlto key hehig phwad 
at right angles to the dantittg lino of the eoazf, instead -of 
parallel to the line of the beam, aa in Fig. 97. Hie advantage 
of this method ia aupposed to be that, when the key in Fig. 97 



aoarf. Thia form of aoarf ia not adapted for the ofBoo of a 
pillar, beeanse the pieoea, by sliding on ea^ othw, are apt to 
eplinter oft the tongne whioh oonfinos their ends at A and b. 

Figs. 96, 96,97, and 98 exhibit forma of scarfing whioh are 
very genenlly approved, for either ties or poets, keys re- 
pmaented at A ia each are not abaointely neoeaaary, for the 
pieoei might eimply meet eqnare at thoee points, '^u form 
without the ne^a no bolts, ihongfa they etrengthon it to 
some extent, dne allowance being made for the diviaion of the 
fibres before elladed to; but if worked vbty tme and close, and 
with eqnare abntmenta, will hold together, and will renst bend¬ 
ing in eny direotion. 

But the key ia a great and ingenious improrerfont, and will 
fotee the parts tog^er with perfoet tightneaa; care being 
'aken not to prodnee oonetant internal attain on the parts by 
ovardriving the key. The foriM of Rga. 98 and 96 are by far 
iha baet, faeoanse ilte tongne of Rg. 97 (o) is ao mnoh more 
oed^aphnteredoffbytheKtni&arby^l^ihaatbB aqnere 
w«M at e in the other two fignxqa- 


is driven in, it is liable to split qff the piece B, aa the force acts 
hi the direotion of the fibre; whilst in Fig. 98 the preeanre of 
the key tends rather to press the fibres together than to 
eepsrate them. Bnt, on the other hand, it seems evident that 
aa the object of the key ia to pnah the parte qioap from the 
centre, ao aa to force &em tightly egiunat the tongne h, tiie 
stress coming in the elanting direotion. ahown at b, la by 
far mate likely to splinter the tongne off than when coming in 
the parallel direction shown at a in Fig. 97. Both the Frmioh 
end the BngUsh methods are aomotimes worked with aeveral 
keys, and in both the ends of the beams are generally out to a 
sally, ae shown in the plan (Fig. 99), which prevents tiie beam 
bending in a side direction; and thia may be farther strei^thened 
by the addition of an iron plate, shown at o. 

When girdera are extend beyond a oerteih length, they are 
liable to bend under their own weight. They thna reqnirq enp- 
port, which it ia not always potnible to give by means df 
odlumas or poeta It thereihre heoomea naoestaiy that 
itrengtheniiig ahonld ba indapendent df any other aupport than 
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ttkt wUeh oaa be ooBBecrted to, or eoBtebed br, tbe girder 
ItMlf. lUi method ia oeUsd “ troasing.” On ihia anbjert the 
writer takea the authoriij of Ur. Peter Kioholeon, %bo aa^ 
“dm exeeUent method to prevent the aaggisg (or dtoop!^) 
wiihont the naaiatenoe of nprighta from the ground or floor 
bdow, la to make the beam in two eqnal lengtiia, end iniert a 
tmoa, ao that when the two pieoea ore bolted toge^er the tram 
mag be inelnded between them, thej forming its tie.” 

Tb prevent sag bad effeota from ahrinking, the tmaa-poats 
ore generallg oonalraoted of iron, aorewed and nntted at the 
eada; and to give a firmer abutment the braoea are lot in with 
groovea into &e tides of each flitoh. ^xo abutments at the 
ends aie also made of iron, and either aorewed and nntted at 
each of the ends, and bolted through the thickness of both 
pieoea, with a broi^ port in the middle tiwt the braoea mag abut 
upon the whole dimensions of their aeotion; or the abutments 
are made in the form of an inverted wedge at the bottom, and 
rise qglindrioallg to the top, where they ore screwed and nutted. 
These modes mag either be oonatmeted with one king-bolt in 
the middle (Fig. 100, a), or with a tmas-bolt at one-third of tho 
length from eaoh end (fUg. 101, b and c). When there are two 
auib bolts, theg inolude a atraining-plaoe, d, in the middle. 

It is obvious that the higher the girder the leas will the 
parts be affected bg the stress, and oonseqnentlg there will bq 
the leas risk of their giving wag under heavy weights, or 
through long bearings. 

Ur. Nicholson sags that the rods inserted mag be “ either 
of oak, or of cast or wrought iron. The latter material is, how¬ 
ever, very seldom used.” As this statenhnt does not, however, 
give any reasons for the employment of either wrought or cast 
iron, a few observations on this subject are deemed necessary, 
especiaUg as the immense improvements in tho manufacture of 
iron have caused it to be so much more generally used than 
formerly, espeoiallg as the beams just described are almost 
entirely aupmseded bg rolled or cast-iron girders. 

It is neoessaiy to the present purpose to state, however 
briefly, that cast iron is erygtcMine in its structure (that is, 
it is formed of separate particles which have settled into their 
position whilst the molten metal was cooling); whilst wrought 
iron is fhrous (that is, the partiolee have been, whilst in a soft 
condition caused bg heat, hammered or rolled together, so that 
they are of a long instead of a crystalline form, and their adhe¬ 
sion is thus increased). MaUeablo iron is thertiore able to bear 
longitudinal strain (that is, tho force which would tend to pull 
the ends apart) better than cast iron ; whilst the latter is best 
adapted to bear vertical pressoro, os in a column, without bend¬ 
ing or giving wag. In brief, oast iron bears corn/rreusion, and 
malleable iron tension ; and, to speak familiarly, if tho student 
wishes te know under what circumstances cast or wrought 
iron ought to be employed, let him ask tho question, “ Could a 
rope be used ? ” Now if any weight had to be supported from 
leUM, it is clear that a rope could not be used, and hence 
columns to bear a roof would be made of cast iron; but when 

the two feet, a, b (Fig. 102), 
of the iron rafters of a rail¬ 
way station have to be tied 
together, so as to prevent 
their spreading out, a rope 
would (though, of course, 
® not permanently) answer tho 
Fig. 102. purpose, and therefore mal- 

Itixble iron would bo best 
adapted. For it is clear that the weight of tho roof would 
have the tendency to push the ends a and b outward, and that, 
if oast iron were employed, it would be in a ?tate of tension 
which it is not calculate to bear; wrought iron is therefore 
best oaleulated to resist this strain. The rafters c and d, 
meeting in x, butt against each other, and as ti>e weight of 
the roof is a^ng as pressure, the rafters are under a trans¬ 
verse Stress ar well as under a thrust, and here, too, iron would 
be used. From the shoe in which they meet, and which acta as 
the keystone of an arch, a rod (x v) con be suspended to bear 
up the tie-rod A B. Here, again, a rope would do ; so that this 
r^ must be of malleable iron. The point v being thus firmly 
held np, may be used as-en abutment for “ struts,” r h and 
r «, and os tiiese would have to bear the pressure of the roof, 
cast inw would be used $ wUlst from o and s rods of wrought 
iron might again be em{doyed to draw np the tie-rod at i and j. 



Betoming now to Fig. 160, it will be evident that the pressure 
of the besiu will be at A, that the weight at that point 
wonld have the tendenoy to preee downward. The trasses B 
sad c therefore act as an ardh, ef which the Idng-bblt, a, acts 
as the keystone. The tmseea B and c are therefore under .eoM- 
pression, and oast iron or pieoea of oak may be need. 

The same remarks apply to the form of tmes applied in Fig. 
101, where it wUl be seen there ia, aa it were, on 
arch formed within, the girder. 

Where, however, it ia not abaelnttiy required 
that tho truaeiag should be witMn |^er, 
far greater strength may be given by adopting 
the eyatem the eimpleat form of which is given 
in Fig. 103. Here the weight of the beam is 
suspended from its ends, at which caat-iron tiioea 
are placed, through which tension rods ora 
bolted. These act on an iron aupport in the 
middle of the length, and aa tiio nnta are eoiewed 
np at A and b, the tendency ie evidently to miae the oentrul cast¬ 
ing, and so t^ord support to tho beam. Qirdera of this fonn 
are used to support floors of upper rooms of irattiionaea, eto., 
I or in Bohoola where, for instance, the girla’ department ia over 
! that for the boys; also in the now generally adopted ayetem of 
I scaffolding where travelling oranee traverse the work in pro¬ 
gress. In snoh oases where the girders on which the trams 
are placed for the cranes ore of great length, two supporte, 
nnitod by tension rods, are used. 

Fig. 104 shows a section of a girder bnilt np of wood and 
I iron, and is called a flitch girder. An iron pli^ ia inserted 
I between tho two planks, and iron bolts pass i^ngh all three; 
this is feond oonvenient for tho architraves of shop fronts, from 
the oonvenienoe with which the casing, cornice, etc., can be 
attached to it. Booms of this kind also ore now ahnort wholly 
superseded by rolled or oast-iren girders. 


I CHEMISTRY APPLIED TO THE AETH—VIH. 

BT OEOBaX OXABRTOKE, X.C.B. 

SO^-BOILINO. 

Soap is a torm applied to various componnds, but it is only 
with those inelnded nnder its more familiar acceptation that it 
is proposed to deal in this article. Snoh soaps are formed 
by the action of soda or potash upon fats or oils. Both 
animal and vegetable oils will serve ^e purpose of the soap¬ 
boiler, though some of thorn possess peculiar properties whioh 
render them specially suitable for cortain purposes. 

It will be oonvoniont to divide them into three tiasses—^tbe 
bard, the soft, and tho marine soaps. 

Tho first of these inclndcs a groat variety, from the common 
yellow np to tho fancy toilot soaps. 

Tho alkali used in making h^ soaps is soda, and it must 
be in its caustic state. If the hydrotcof wodhun, described in 
the previous article, bo used, the alkali is already in the con¬ 
dition required; but if it be supplied in the form of the neutral 
carbonate, the soap-boiler has to mako it oaastio by digesting it 
with limo. 

The fats or oils which may bo used are very various. Tallow, 
olive, palm, and oofiba-nut oile are all extensively need. In 
addition to these nataml oils, oleic acid deserves menti<m as 
a waste product of the candle manufactories, but which ia of 
value to the soap-boiler. Kosin is also an important oon- 
stitnent of the yellow soaps. All these, with the exception ef 
the last, whioh has aa altogether different ohemieal oompoti- 
tion, contain steario or morgario ooids, and the hardness of the 
soap produced ie greatly dependent upon tho proportion of 
these acids. The firmness of a soap is a matter some 
importanoe, as one deficient in that respect is J®®*® 

Another important ingredient in soap, especially to the maau- 
faoturer, ia water. As a mere matter of profit, of course, it 
is his object to make it take np aa much as possible; but 
though a oertain quantity be neoeesary, it is not wise to push 
the dilution too far, os the reputation of tiie'insker would 
thereby suffer. A really firm and apparently good soap can 
be nearly three-fourths of whioh shall oonsist of water; 
bnt the consumer wonld very soon find out that its bleanting 
power was very small, sad wonld not be likely to Isy in a 
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, uoosd Bteok of it. hwd toapa geitataUy oo&titm trou 
15 to SO per cent, of wdter. 

fint eiep in tkia piooeas of makinK eoap is to boU the 
fat or oil with qaastMi l^e in large o^drons. Xheie are 
ge&eraDy made of iron, and in the beat establiehments thej^ 
are heaW by stum, being at once mote eoonomical and more 
easily regnlated. steam'pipea are sometunes so arranged 
tiie btat. may either be applied externally, or that the 
steam itself may be forced throngh the oontenis of the cal¬ 
dron, in whioh latter case it not only fulfils its function of 
beat^, but also stirs up the ingredients in a most offeotoal 
manner, ^e boiling-pans are generally mads large enough to 
hold tarenty-fire to ihi^ tons ^ soap at a time. 

Hu fid and aDcali are thus boiled together unUl no grease 
ia any longer seen floating on the surface, but the two have 
oombhl^ together and formed a milky kind of liquid of a 
neutral oharaoter, the add of the fat having oonnterbalanoed 
tiie a&ali of the lye. According as .the solntion is add or 
otherwise, more or lees of the other ingredient ie added, nnidl 
the oadd^n is nearly full, and the proper proportions have 
been nicely adjusted. Common salt ia then thrown in, whioh 
readily combines witii ihe water, bnt not with soap—as any one 
who hae tried to wash in sea-water with oommon eoap will 
know—the reenlt bdng that the soap separates in onrds, whioh ^ 
float upon the surface of the ssline liquid, the rraidne going by 
the name of spent hjf». 

The spent lyes being drawn off, the saponaceous matter is 
again boiled np with fresh lye, and, if ueoeaaaty, some more 
bt, taking core this time to have an excess of alkali in the 
solntion. Salt is then again added to separate the soap from 
the liqnid, after whioh the boiling is continued for some hours, 
in order to poifoot the union of the soda wilh the fat. The 
soap is then ready to be akimmod o^ and transferred to the 
frames in whioh it solidifioa on cooling. It is then eat into 
Imrs and dried, and i» ready for sale. 

The frames are made with movable sides and a porous 
bottom, so that any lye which may be mixed with the curds 
shall drain away, and when solidified the frames are removed, 
and tile block of soap is cut by wires, first horizontally into 
slabs, and then vertically into bora. In Gngland the frames 
ane aU of uniform size, so that a block of soap measures exactly 
15 inohes wide, by 45 inches long, and 45 inches high. 

Hie above desoription of the proooss will serve for a hard 
soap made exolusively from tallow; bnt for various lOEtsons 
it is often fonnd desirable to use a mixture of fats or oils, or 
emn of rosin. Castor oil possoasoa the advantage of readily 
saponifying, and forming a very hard produot, whioh will take 
np a large por-oentage of water. Coooa.nnt oil has the same 
oharaeteiistio; but it has other speoiolities, whioh will bo eon- 
sidered presently, when speaking of marine soap. Palm oil is 
suitable for toilet soaps, on admixture of it oommnnioating a 
rather agreeable perfoipe. It may be used to advantage to the 
extent of 75 per cent, of palm oil to 25 per cent, of tallow. 

Bosin will not make a hard soap by itaelf, as it has too great 
an affinity for water—so mnoh, indeed, that after having been 
dried it wiU beeomo liquid on exposure to the air. It makes, 

4 however, a very good oompotind, either with taillow or palm 
oil, if limited to about 15 per cent. In nooase should it exceed 
so pw cent. The rosin should be saponified separately from 
the fat, and then added to the other S^ter the last boiling 
deeorib^ above, continuing the boiling for some time after¬ 
wards, until the two preparations have thoroughly combined. 
Bosin being cheaper than the other substanoea, the yellow soap 
tiuu made baa an advantage in price, while for ordin^ washing 
pnzpoeea the slight smell peonliar to roein is not an (Ejection. 
It, moreover, makee an ezcellent lather, and is a strong, useful 
soap. 

Qlrio acid is vary read^ W'ponified^ and requires mnoh less 
boUing than the other eabBtanoes already mentioned. It may 
be used either alone, or with. toUow or roein. It makes a 
good seep; firm, and not affected by the -weather. 

Oliva is largely used in the sonth of Europe instead of 
tallow, the shores of Mediterranean being the native soil of 
^e.olivo. . In this country, however, it oannot compete in price 
with the other artiolos awve named. 

Opnsi^wable st^a is dtten laid npoa having mottled or 
patWed apaps, and not altogether witiiput raaerm, beoanse it 
p tut SO vmj to give than Pis appearsooe when orataiaing a 


large proportion of wat«. Twenty pee eeni mar he Wnn 
ae about an ordinary per-oentage in ^ mottle4 .wa^ptiona. 
The salp of iron or copper (espeeially the foij^^ am most 
generally adopted to produoe Pis offeot, whioh^hl 't^ to their 
natural tendency to separate more or leas frep the mass of 
soap with whlbh they are mixed, oe it eoolrf. If the oooling 
proceeds rapidly, auffioient time is not allowed for the inter¬ 
change of the partidee, and the soap will present a nnifiorm 
hue of the colour ohsraoteristio of the nutellio salt employed. 
If it is cooled gradually, veins and patehea, a blniah colonr 
in the ease of iron, -will afterwards be found to extmd’tiuongh- 
out the mass, wMeh will tom to a reddish Qchiar by &e 
oxidation of the iron on subsequent exposure to the air. It ia 
the oonvotsion of' the sulphate into the oxide wUd> fismishea 
the red .mottling of the Castile soap on the exteito surface, 
while it is of a bluiah-blank within If the eoap were too 
watery, the oolouring subBtanoea would, by their superior 
weight, find their way to the bottom of the boiling-pan, and 
the effect desired would be entirely lost. 

Eanoy soaps, whioh are made in groat variety for the toilet, 
BIO usually soonted with some oromatio oils. For this branch 
of the tr^o the ordinary oommeroial soaps ore -nsed, after 
undergoing a prooess of refinement, or a soap is apooially made 
for the purpose from almond oil, or the like. Mnoh taste is 
shown by the best London makers in the soleotion and oombi- 
nation of the perfumes, whioh, along with the oolouring matters, 
snoh as vermilion, yellow oohre, aniline, etc., are nsnally boiled 
up with the soap. To facilitate this operation, as a well.dried 
soap does not readily melt, it ia usually cut up into fine 
shavings, and after boiling is well worked -under roUets until it 
presents a uniform appsanmoe. If tiie soap is intended to bo 
highly scented, or very expensive perfumes are to be employed, 
the cold proooss is adopted, as mnoh of the strength of the 
scent ia lost by boiling. In this ooso the soap is shredded os 
bfffore, and the poifume and oolouring matters well amalga¬ 
mated with it by being worked in a mortar with a pestle. It 
is then divided into lumps, and roughly moulded with the hand 
into something of tho shapo it ia finally to assume. After 
being loft on a rack to dry for about a week, it is pressed into 
a mould, which imparts to tho oake tho form and device whioh 
may be required, and when taken ont tho edges are tiammed 
and the snrfaoe polished with the hand. 

Transparent soaps are prepared by taking an ordinary hard 
soap and dissolving it in hot alcohol, after having stored it for 
the purpose of driving off all the watw. Soap being oompletoly 
soluble in this medium, any extraneous matters whioh it may 
contain can be readily separated by filtration, ooro being taken 
to keep tho solution hot during the process. Tho alcohol ia 
then evaporated ont of the filtrate, and on oooling it hardens 
into a -transparent soap. . These soaps are coloured, aooording 
to fancy, with vegetable colours diMoIved in sloohol. This 
branch of the trade is littie praotised in England, in oonsequpnoe 
of tho heavy duty on spirits, whioh prevents the home mann- 
faoturer from competing with those on the Continent. 

Soft soaps are made in this oountry with either potash or 
soda and the drying oils, the most familiar of which are those 
extracted from hompsood, rape, and linseed. These oils are 
dofioient in steorine, and on toat aooonnt are not available for 
hard soaps. On the Continent potash ia mnoh more frequently 
employed as the alkali insteati of soda, potash being oompaia- 
tirely cheap in those countries where we^ abomida; but it has 
Buoh an affinity for water‘Ihat even when oombined with tallow 
or the non-dr^g oils, it will not make a firm soap snoKas iriU 
retain its oharaoter in a mout atmosphere. 

In this mannfaotnre the non.diyiag oils, or sometim e s the 
fish oitt or tallow, are boiled np with a solntion of potash, not 
too strong, nntil they form a thick stioky when a strongec 
lye is add^ and tiie boiling oontinnsd nntil it becomes quite 
clear and slimy. Hie oompoond has now to be tested oarefnlly, 
.to see whether there ia a proper proportion beffireen the fatty 
aoid and tiie alkali; beoanae an exoeaa of either the' one or the 
other will become evident on oooling. Having adjosted this 
properly, the heating is oontinned, in irrto to drive off tim 
enp^oons water, ai^ tiie prooess is aeoeBrated keeping^it 
oonstantly stirrsd. As tiis STHKintien of tbs watsr prognssss, 
tiie sabstanoe in the pan beooanes.tiuAst^ sad-tiiS cm ths 
anrtaoe diminishes, until the sow settles down is a thick, mass 
at the bottom. Hm hesit is -wifhdinwn, fmd titam the 
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fibntents of the pta ham cooled down an scooped out and 
pnt into casks. 

Soft soaps, according to qualliy, contain from 40 to 60 per 
cent, of watw, SometimeB they present the appearance of a 
clear yellowish jelly interspersed with small grains, whioh is 
produced by the addition of a little tallow,' the less eolnble 
oonstituenta of which ooUcot in small granules. At other 
times they present a uniform green colour, which is a natural 
result if the soap has been mode from hempseed oil, but which 
is often produced artificially by the admixture of indigo in a 
yellow soap. Both the colour and the granulation are mere 
fandes in the trade, and have no other necessary connection 
with the manufacture. 

With the drying oils, soft soaps may be made with soda; 
other fats and oils besides those already named may be used 
with a mixture of soda and potash, in whioh the latter pre¬ 
dominates. 

The hard soaps should bo as nearly as possible neutral; but 
the soft cannot be separated from the lye by tiio addition of 
salt, as in tho former, so that they always xetain an eaooss of 
alki^. They are principally used for scouring manufactured 
goods in the bleaching and dyeing works, and will bo found 
mentioned in Lessons 1. to IV. of this series, which treat of such 
eperations. . 

Marine soap Is mode of coooa-nnt oil. Wliilst a very smw 
quantity of salt will separate the curds produced by tho sapo¬ 
nification of any other oil, it has no effect upon this. A Tory 
strong brine is neoossary for the purpose; but that is found to 
bo unsuitable in practico, os tho brintf takes up tho water at 
the same time, and leaves so hard a curd as to be unmanage¬ 
able. It has such a tendency to harden under any eircam- 
stancos that tho oil is boiled with the very strongest caustio 
soda lye, coro being taken that the alkali bo not in excess, ia 
which oase the use of salt can be altogether dispensed with. 
The operation is facilitated by the replacement of sumo of the 
soda by potash, A cocoa-nut soap made with soda wQl hold 
upwards of 70 per cent, of water, and still bo so firm as to 
decoivo the uninitiatod; however, it is, of course, proportionately 
weak in its oleansing pruportios. Its losistanoo to tho effect 
«f a weak solution of salt indicates its value on shipboard, 
other soaps being absolutely useless for washing in sea-water. 

Incredible os it may appear, flints, sand, or pipe-clay may 
enter pretty largely into tho composition of soaps, both hard 
and soft, and that without injury to their useful properties, 
Tho silioa contained in them is r^uoed to a soluble state by 
being melted in a roverl>eratory furnace with caustic soda or 
potash, then ground fine, and lastly boiled in an aqueous 
solution of the alkali, tho result of whidi is that tho silica 
forms a transparent gelatinous mass, sometimes known by tho 
name of soluble glass. When tho soap has been thoroughly 
boiled, tho silicate of soda is mlxod with it in the pan, and tho 
oompound is then transferred to the frames to cool and harden. 
As in the other processes, potash is only used when a soft soap 
is intended to be made. These soaps are cheaper than those 
mode exclusively from oils and fats, wlulo at tho same time they 
fulfil their purpose very satisfootorily. 


TECHNICAL DJIAWING.—XXIII. 

THK TilETH OF WHEELS. 

PlO. 229.—To trace a cydoid* bi/meehanical means. 

Fasten a rail of wood, or any straight edge, to a board. 

Take a oiroular pieoe of wood, out a smull notch at any 
point in the edge (os at a), and fix a small knob or button in 
the centre (b). * 

The point of a ponoil hold in tho notch, whilst rolling tho 
diso along the straight edge by means of the knob, will describe 
A oydoid. 

]to order to prevent tho diso slipping as it tolls along, it ia 
advisable to glne a narrow atrip of sand-papor round the edge 
of both diso and rail. 

If, instead o9,a straight pieoo of wood, a ciiole or arc be 
employed, the carve traced by the pencil wiU be an qtioydoid; 

* The eyohitd was invented hy GtaUlao, on sminant mathematlelan 
emd mtmnl phUoiopber. Be was bom in Fisa in 1M4, and died 
in 1642. 


if the inner side of » hoop be used, the curve will be the 
hypooyoloid. 

Mow if the same generating cirdo be made to roll oa the 
outside of a oirole, and again on the inside, boto ourves storting 
from the same point, the portion inside the oirde (the hypo- - 
oydoid) will give tho carve for the flank of tlie tooth, and the 
oydoid on tho outside will give the face or point of the tooth. 

This will bo doarly understood when put into practioe, and 
for this purpose the attention of the student ia directed to 
Fig. 2S0. 

In this figure a and b are tho centres from whioh the pitoh- 
oiroles A' a" and s' b" are stmok. nieae oiroles touch each 
other at c. 

Mow if the opicyoloid o B be drawn from c, then a portion 
of it, C F, will be the face or point of the tooth; and, again, if 
by means of the same generating circle a hypooy<^d, s c, 
be traced from the same point, the portion o a will be tho flank 
of the tooth. Of oourso, if similar ourvoa are drawn from H, 
in the reverse direction, tho opposite sido of tho tooth will bo 
described. 

The length comprised by a tooth and a spaoo is called a pitch. 
This is, of course, equal to the diatonoe from the centre line of 
one tooth to that of the next one. 

The following data are those generally adopted by auU- 
Wrights and engineers:— 



Supposing tho “ pitoh ” to be divided into 15 equal parts; 
that is to say— 

Height of tooth outside tho pitch-circle. 5} parts. 

Depth of tooth within tlio pitch-uircloj . Cl „ 

Thus tho total height of the tooth is.12 „ 

Width of tooth . 7 „ 

Width of space betwoou the teeth . 8 „ 

Some engineers, however, adopt tho following proportions, 
and they are, therefore, used oooasionally in tho oxamx>lea 

Tho pitoh divided into. 11 ports. 

Width of space. „ 

Widtli of tooth. A » 

Depth of flank . 4 „ 

Height of face . | „ 

Although tooth are designed and the patterns for them ate 
made on the soiontifio principles shown, it is usual in most 
drawings to consider the enrves as portions of oiroles, which 
may bo drawn T#h such approximate correctness as to bo 
Bttfficiontly aoonrate for general purposes of drawings-—the 
length of a pitch being, as a rule, ti^en as the radius. The 
face of the tooth, A B (Pig. 2.81), is struck witli this radius 
(the pitoh), and toe flsnk, A u, ia struck from C, toe contros 
being in too pitoh-line b. 

Mow it will be noiaood toat tho flank of the tooth under eon- 
sideration bonds inward about the middle, between A and B. 
This may bo avoided J>y employing a oirole of oentros—toat is, 
a oirole a little outside toe pitoh-circlo—and although using toe 
pitoh as the radius, fixing tho centres on this additional oirole. 
Thus, plaoa toe st^ point of the bow compass at r oa toe 
addiUonsl oiro)e, but st^e too flank from a. 

It win be seen toat by these means tho evU sUnded to is 
avoided: toe tooth tons bwomes broader at toe base, and oon- 
seqnently stronger. 

It will be found toat when the diameter of toe generating 
oirole is equal to toe radios of the oirole in whioh it rolls, tho i 
hypoo^oid is converted into a straight line; therefore, when 
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the one wheel to of half tiw dtometer of the crther with whii^ 
it to geaied, ihe‘ iIaii]ca‘o£>tiie teeth, inatead of being oorree, are 
Btraight lines tending towards the oentre, and th^ are hmoe 
called radial teeth. Two snob are shown in Tig. 282. 

As teeth so formed are, however, necessarify narrower at tiie 


Draw the pitdi-eireles, tonehing aaeh other in T. 

XVom T art off a pitch on ei^ of the pitoh-oiroleB—Tla>i 
T A and t s. 

Join A and B. Bisect a b by the line c, and prodooe it. 
From A draw the radius a z>. 



bottom ihan OB the pltoh-oirole, they would be wealrar at that 
part, the radial flanks ora not drawn qnite down to the root, 
bnt are tamed off by small quadrants, by trtudi means they 
are materially strongfihened: this is shown at A in Fig. 232, 
and will be farther illnstrated in fntnre examples. Is order 
to strengthen the teeth, flanges are sometimes oast 0 |n one or 
both sides. 

> fig, 283.~>!Ib draw radial Ueih io gear vlUh each other. 


From B draw the radius b b. 

At A draw a lino at right angles to A i>, cutting the biseoting 
line c in 7. 

At B draw a line at right angles to b B, cutting the bisecting 
line c in O. 

From the centres of the ciroles to which these tugents ate 
drawn, draw ciroles tbrongh 7 and o, and these wUl be tho 
circles'of centres for tho faces of tho teeth. 
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Now aet off the pitehM afoimd tho pit<ih>oirotaa, and ditide The tadiol flaake an now to be dmwn, and toned townrde 
them into teeth and apaoea. In the pteaent example the tooth the bottom by meaiu of area, aa directed in Fig. 282. 
ia taken at ^ uid the apace at jf of tho pitch, the height out- I^g. 234 ia inaerted to remind the atndent of one at iho 
aide the pitw-circle being 2 and within the pitbh-oii^ 2 of methoda of dividing a line proportionately to another, 
the pitch. In thia fignre lot x n represent the length of the pitch, w&kii 



Draw the drolee in ike way which haa fsequently been shown | it is desired to divide in the proportion of fvo-eleventha and 
for the root and points of the teeth. six-elevenths. 

iVom F, with radina F a, describe arc A h, which will be | Draw any line, c n, parallel to A b, and set off npon it 
the face of the tooth; and with this radius, and from the samo eleven spaces. These may be any length., 
oirole centres, the faces of all the rest of the teeth of the Draw lines, n b and c a, nniting the ends of the two lines, 
large wheel ore to be stmek. and meeting in s. 

Ike faces of the teeth of the amalleT wheel are to be stmek From the point marked 6 draw a line to z, which will divide 
with the tadins as. a b in f in the desired proportion. 
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TECHNICAL EDUCATION ON THE 
CONTINENT.—XII. 

BT B. X. BATISSOir. 

FBAKCS (oontiwMd)— UETHOD OF TEACBINO DBAWIBG. 
Pbzx^bt inatruotion developing’ itself in adnlt clMsea grivea to 
the apptentioe and artisan elementaiy notiona of science, which 
they can apply in their various ooeupationa. Secondary special 
insimotion further develops these grerma, and increases in use 
os the artisan learns the application of aeienoe to the work on 
which he is engaged. 

But we would l^ve it very clearly understood that we do nut 
mean to imply that technical education can ever do away with 
apprenticeship. The variety of work which a lad apes going on 
around him in a workshop—^the adaptation of machinery and 
tools—the broad way in which work is “cut out” and arranged— 
the division of labour, and above all, the curb which is put on 
during the years when he is passing from boyhood to man¬ 
hood, and the tie by which he is hold to regular occupation—all 
render a term of apprenticeship of the utmost importance to a 
youth. 

Technical education, then, is mdhnt to assist, not to supersede 
apprenticeship, by giving a youth a knowledge of scientific 
principles, the application of which ho learns practically in the 
workshop. 

Instruction of this kind had been going on in Franco long 
before it was really known as enoh. The Government, in 
order to moot the varied national wonts, long since organised 
various establishments whore professional apprentioeships wore 
carried ont practioally. The sohools of agricnitnre and the 
farm schools, the sohook of arts and manufactures, the naval 
school, eta., ore established for technical education of the most 
approved kind. Private enterprise did more, and an inquiry 
has mode known the useful creations of industrial societies, of 
largo companies, of chiefs of works, of heads of institutions, 
and of congregational establiahmonts, which have, in the opposite 
porta of the country, roalisod the appronticosUps of various 
industrioB with mueh bucoobb. But in tho face of tho over- 
inoroaaiug mass of wants, logialature became necessary to 
onoourage and regulate the teebnioal education whioh has now 
become general. 

Before mentioning any speoial systems of actual education, 
we must refer to one of the means employed, without which 
education cannot bo oarriod on—^namely, the diffusion of books. 
Tho eolporlage —that is, tho sale of books by hawking, or other¬ 
wise thm in shops—can neither diffuse tiiom in sufficient num¬ 
bers, give adequate extension to oirenlation, nor place them in all 
hands. Its business is trade, not education, and oven managed 
as it is, it cannot furnish sutficiont guarantee for regularity or 
oontinuonsness of delivery. 

The establishment of libraries in all tho communes of Franco, 
lending or hiring out books, placing thorn within the reach of 
all, was a necessary means to bo taken in the promnlgation of 
ednoation. Sot on foot by the Minister of Publio instmetion, 
ostablishod in tho communal schools, kept by tho sohoolmaster, 
the scholars’ libraries wore tho first established. There are 
now about 8,000 libraries, which lend out 500,000 books per 
annum. Bat the ministerial action was not enough to endow 
4,000 oommnnes with libmrios, and publio spirit camo in aid with 
remarkable akerity. A groat number of face societies have boon 
formed for titis special object, some inolnding a whole province, 
others a department, and tho rest purely local in thoir action. 
Many in Fans have striven to organiso for thomsulvos centres 
of action, from whioh to operate on the country around, either 
in giving tiioir ossistonoo in the formation of libidos, or in 
making known and encouraging good books, or by mfluencing 
the oolportoge. Whatever may-have been tho extent of their 
operations or tho mode of their action, they have all assisted in 
a healthy agitotion whiph has already home good 
fruit. Not only have thousands been mdnoed to read who 
never before tonohed a book except by accident, but publishers 
having thus a large market opened to them, and authors finding 
a public always rsady for thsk works, nave prepared them 
spedally for the obje^ to be attained; tho former, by more 
aconoiaio srtangeincnta, nave endeavoured to reach'the perfeo- 
thm cheapness; whilst tiio latter comprehend that, lb order 
to the soul of a whole nation, literature must separate 
VMS from elaborations of style, and be pore and broad in its 


principleB; that in order to teach tiie imllion, the writer rrmst 
not from the snmmit of an eminenoe declare the advantages of 
the elevated position to those who have only impwfeot means 
of attaining it, bnt that, placing his foot on the lowest step of 
the ladder, he must take his less favoured bretiiran by the 
hand, and say, “Lot me lead yon upthat he who would write 
for worMug men, most throw his whole heart into his work— 
must write clearly, simply, and, above all, hobestly. 

It is obviously impossible, in a aeries of papers snob os these, to 
give detailed accounts of caoh of the groat sohools for tuchnioal 
instrnotion in France; the more mention of ai2 would oooupy the 
romoindoT of the space at our disposal, (teo of those in whioh 
the indnstrial work is of an excellent and practical character, is 
the !^cole Munioipale do Deasin Industriel at St. Quentin. We 
wore shown on admirable drilling machine, ornamental wrought- 
iron gates, a spiral stairoase in wood and another in iron, a 
crab, various doorways with panelled doors, a carved wooden 
pulpit, etc., all the actual hand-work of the students, and in 
must coses the working drawings from whioh the artiries hod 
been mode were exhibited. In the £colo Profossionelle do 
Mulhonso, the mechanical works carried on are on an exten¬ 
sive scale. Tho tendency of tho studios seoms to bo in tho 
direction of mechanism, the works product being principally 
of that character; amongst these are vioos, screw-hammers, 
lathes, various other tools and meohanical appliances, models 
of machines, oil exeoutod with the utmost ocouracy and in 
the most workmanlike manner, all showing -the knowledge 
of tho principles involved in the construction. Again, in the 
£eole Imperialo d'Arts et Mutioi-s, at Chalons, tho system of 
praotioal application of soienco is admirably carried out, and 
tho students are taught pattern-making in wood. We saw tho 
pattern for a bovel wheel six foot in diameter, also spur, face, 
cog, band, and fly-whoois; hut it must not bo supposed that the 
works of the students are limited to wood, or even to mechanical 
subjects. Their work in both cast and wrought iron is admir¬ 
able in character—plummer blocks, hangers, cams, etc.—whilst 
in their arti.stio department they produce bronzes of whole 
figures, such as Napoleon, Britannia, Apollo, etc., in which the 
modolUiig and castkg arc equally good. 

Perhaps, however, tho greatest triumph of work based upon 
scientific drawing was a largo group-of objects shown in tho 
Paris Exhibition in 1867. It was laboUod “ Models made by 
the Chiefs of tho School Workshops, from tho drawings of the 
students, designed for practical instruction in mechanical draw¬ 
ing." These models consist of varions apparatus, appliances, 
mechanical movements, tools, otc., and oau bo used therefore 
not only in teaching mochanical drawing (all being constructed 
to correct scales), but also in illustration of lessons on processes, 
physics, etc. Amongst them is a furnace which may be divided 
to show the vortical section; onginos of varions kinds, a forge, 
oto. eto. Thus is tho labour well directed; and it must be 
encouraging to students to work from models dosigned and 
partly made by others—it must tend to give them confidence 
in the system, and in thoir teachers, without whioh edu(»tion 
cannot be oarriod on with energy or success. We must pass 
by (for the reasons already stated) the £oole Spoeiolo de Clnny, 
the professional sohools at Ivry-Bur-Soine, and at Vincennes 
(all of whioh carry on a systtm of technical ednoation of tho 
most practical oharaotor), and give a dosoription of the system 
of teaching drawing to ohildasn and adults, which is largely 
carried out on the Continent, espeoially in primary and secondary 
schools in France. 

It will not, it is hoped, be deemed out of place here to devote 
thus much attention to this subject, when it is remembered that 
drawing is one of the moat important elements in teebnioal 
educatien, that it constitutes the language of form by which 
men of every nation can communicate with each other, and that 
therefore the methods by whioh it can be best tanght must be 
worthy of serions consideration. _ » 

It mnst be remembered that, until within very recent dote, the 
subject of drawing has been treated in most oonntries as a 
branch of education of a lower oharaotor than any otiier; the 
instmetion oonsUting for the most part in giving the student a 
copy, which he was expected to imiteto, to measure the lines, to 
shade where his example was shaded, and to colour where he 
saw colour in the oopy. 

Mirny excellent gystems gradmdly dawned, and have l>een 
adopted in Germany and other countries; none, however, seem 
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BO adapted to the waats of abaolate beginners aa the one 
originated a^ admirab^ carried oat in the B^atem about to be 
deaozibed. Many prenoas ooarBeB of drawing, though learnedly 
oonoKTed and well executed, failed to attain the reenlts iu- 
tonded, espeoially in regard to puhUe inetmotion. 

It ia dear that when the pupils in a largo claaa have each a 
different copy, it beoomes impoBuble for the teacher to do more 
than give to eaoh a passing word as to iiie execution. He has 
not time to explain prindplos, whUst the work of the student 
is reduced to a merely servile process of copying, tiie results 
being obtained in the best way ho can; aometimos, in fact, 
Ijeginning at the end, and filling in the constructive linos after¬ 
wards. The writer has often seen students who have been 
working perspective or projection from a printed diagram, 
where they know the form of the object, draw it first, and put 
in the lines of which they do not know the reason or purpose 
afterwards 1 

Farther, in giving students a finished drawing to copy, they 
do not le^ the principles upon which the representation has 
been constructed; and experienoo has shown that many who 
can copy a drawing with exactitude and neatness, arc utterly 
unable to produce oven a fair representation from the object 
itself. Of course the suooess in teaching drawing to the young 
must, in a great degree, depend on the general cultivation of 
their intellectual faculties; but, again, if this subjoot be weS 
taught, it may be mode a useful handmaid to all other educa¬ 
tion, since its applications arc so varied and its results so 
interesting. 

To accomplish those results, howeveit eiporionco has shown 
that in elosscs of either children or adults, the following condi¬ 
tions are necessary 

1. That the master's lessons should be simultanoously given 
to oU pupUs in a class or section, and tliat for this purpose the 
subject must be drawn on a large scale. 

2. That from the explaimtions given by the' teacher, the 
pupils should be led by observation and realisation to the object 
itself, for which purpose well-inado and well-solcctod models 
should form a part of the course. 

3. That in the first year of the course the teaching, being 
intended for children whoso ages vary from ton to twelve years, 
should bo of a ohanictcr so elomontary and simple as to bo 
adapted to their capacity, but still be the basis of the higher 
instruction to which it forms the introduction. 

4. That ill the second year, a technical tendency should bo 
given to the instruction, agreeing either with the industries of 
the locality, or with the career for which the pupil is intended; 
whore this is not ascertained, a general knowledge of architec¬ 
ture, mochaiiism, otc., to bo given. 

5. That the means employed should, whilst engaging the 
pupils, aid the teacher in his instruction, and furnish him with 
all that can render the study attractive and pleasant to the 
pupils. 

It is evident that a course fulfilling those conditions must bo 
profitable, sinco it oaUs for the oxoroiso of intelligonoo, observa¬ 
tion, and thought, whilst it produces that legitimate satisfac¬ 
tion which must result from the exercise of the intellectual 
foonlties. 

How much latent intellige/lco, how much mental power, 
would have been awakened in the working men of a past period, 
had such light boen thrown ovir the instruction of their child¬ 
hood! Whereas the intellect was thrown book on itself, be¬ 
cause it was not cultivated in a manner favourable to its develop¬ 
ment. 

The appliances for carrying ont this system are :— 

1. A very largo set of diagrams, so that the pupils may see 
at a glance the whole subject they ore to craw, and to enable 
the master to give the necessary simultanoDus instruction, in 
which he also, if able, uses the blookboord for drawing rapidly 
any detail which may seem to require further development. To 
aid the teacher in his explanations, ho is furnished with books 
with corresponding illustrations, serving, in foot, as well- 
worked ont notes of the lesson. 

2. Solid models of a good size of tiie subjects to be drawn, 
; which the students can handle and examine, and so see the 

tasaon of lines in the drawing. 

8, A separate book for each pupil, in which tiie subject of tiie 
diagism ia given, in order to lead to quiet individnal atn^ at 


the class or at home. The iUushatiaos are for the most part 
rough sketches, figured as to sizes, which the stiident is requited 
to work ont on a eriven aoale. 

Now the results of snob a system must be, that it aoonatoms 
the pupils to oonsidet tiie relations between the dimensions of a 
subject,, and teaches them the meth(^ of repr8B.enting it by 
means 3 properly disposed lines, and in a given proportion as 
to size. It creates in them a desire to inquire into the construe- 
tion of the object, a knowledge of which in all its bearings 
enables them the better to delineate it from points of view 
other than the one which for the time engages them; it accos- 
toms them from the beginning to make praotioal and useful 
drawings, snob as will be understood by all persons engaged in 
the various branches of industry; and, furtW, it affo^ them 
the satisfaotion of having really by their own efforts made a 
drawing, instead of having merely copied one. 

The whole of this system, together with others which have 
been found in every respect most successful on the Continent, 
will bo carefully worked out in tiie TncHNiaat EntroaTOB. 


PRACTICAL PERSPECTIVE.— III. 

Fig. 14' is a representation of the interior of a hall, having a 
floor covered with square slabs of alternate white and block. 

This view is not drawn to any particular scale. Having 
drawn the general outline or rootangle, fixed the centre of the 
Ijictnro, and drawn the horizontal lino, the points of distance 
must next be marked. Thaso (as ia the present illustration) 
need not be on the paper, but may be on the board or table on 
which you are drawing. 

From the four angles of the figure draw lines to the centre 
of vision, which will give the lines of junction between the floor 
and ceiling and the walls. 

Now tliis hall is supposed to bo twice as long as it is wide. 
The floor thus consists of tivo squares. 

Therefore, from A and B draw lines to tho points of distonoo. 
These will give tho points c and D. Join 0 and D, and this will 
comxdeto one square of tho floor. 

Again, from c and » draw linos to the points ef distance, and 
those will give tho points e and F. 

Draw B F, then A B F B will bo tho perspective representation 
of tho floor. 

From B and F draw perpendiculars, cutting tho upper edges 
of tho wall in a aud h. 

Draw the linos o h, which will complete the view of the in¬ 
terior. The windows and doors ore iieoessarily omitted in this 
study. 

New divide the line A b into tho number of parts oorrespond- 
ing with the number of slabs to be placed on the floor, and from 
these points draw linos to tho centre of vision. 

It will bo soon that these lines, 1, 2, 3, 4, 5, 6, will pass 
through the diagonals A D and b c, and also through c F 
and I) F: 

Thus linos 1 and G will out tho diagonals in a and h. 
Through these points draw a horizontal line, which will give 
the front row of squares. Lines 2 a£fd 5 will cut the diagonals 
in c d. Tlirough these points draw anothor horizontal line, 
which will give the seound row of squares. 

Lines 3 and 4 will cut the diagonals in e and /. ^ Through e 
and /, therefore, drrf^v a horizontal lino, which will give the third 
row of squares. 

By continuing this method, the entire surface^ of the floor 
will bo covered with squares, each diminished in size or altered 
in form according to its position. 

Tho system of working by scale having been shown in several 
of the earlier studios, it will not be nocossary to our pui^se 
to give the measurements in every case ; but it will bo evident 
that all the principles of perspective here laid down can be 
equally well applied, whatever may bo tho relative size of the 
objects or the height of tho spectator. All moasurojnents in tho 
future figures are therefore assumed, leaving it to the student 
to work them to any scale ho may think proper. 

Kg. 15.—In this study it ia required to put into- per¬ 
spective a square, tho surfaon of which is at right angles to 
the plane of the pioturo, and which is divided into nine equal 
squares. . ' 

Having drawn tho pioture-line and horizontal lino, and having 
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fixed ilie eestie of the idolnre end the pointa of diaienoe, aet off 
from A the length A A • teiixeaeBtuig diatauoe of the front 
edge of the aqoaie on the left of the apeotatw. Make a' b 
equal to the height of the teqniied equate, and front a' and B 
draw liaea to the centre of the picture. Fttm a' aet off tm the 
picture-line a' d equal to A' B. From D draw a line tolHte point 
of diatanee, cutting a o in s'. 

At s' er^ a perpendicular, cutting b o in o'. Then A' b o' s' 
ia the tterapeetiTo repreaentation ct the aquate placed at a', at 
ri|d>t anglea to the picture-plane. Divide a' b into three equal 
parta hy the pointa b, r. Shorn b and f draw linea to the centre 
of the ]^otore, cutting o' s' in o and h. 

Theae linea will ^vide the aquarea horizontally into three 
equal atripa. 

Divide the length a'd into three equal parte by the points i, j. 

From I and j draw lines to the point of diatanoe, cutting a' s' 
in 1 ', 

At i' and i' erect perpendioulaca, cutting b o' in x and L. 
Theae will divide the perapeo- 
tive view of the square verti- 
cally into three strips, and those 
will become gradn^y narrower 
as they recede, although repre¬ 
senting apaoea of equal widih. 

Another method of dividing 
the square would be to draw 
diagonals. Then the lines x and 
7, cutting theae, would give the 
pointa through which the Unea 
i', f ahonld pass. This method 
is only of use, however, where 
the figure to be divided is a 
square, whilst the method ehown 
is equally applioable to any 
paxallelogtam. 

Fig. 16.—This is an appHoa- 
tion of the foregoing figure, end 
repreeenta a wooden case divided 
into oompartmenta. Having 
marked the point V, repreaent- 
ing the distance of the front of 
the object from A, draw tbe 
parallelogram X N o p, which 
ahowa the depth of the aide of 
the case. 

Draw the perapeotive view of 
the front of the case ae in the 
last lesson; then, instead of di¬ 
viding it into three equal parta, 
aa in the line a' n in the pre¬ 
vious figure, set off upon the 
line oorreaponding with a' b the 
apaoea reproaenting the thickness of the wood of which the 
oarcaae of the case end the ahelvea are made, and draw lines 
from theao pointa to ttie centre of the picture. 

Next set off within thanpaoe on the picture-line which repre- 
eente the real width of the lower edge of the case the thick¬ 
ness of the aides of carcase, the upright partitions, and the 
iliatanoeB between them. From theae points draw linea to the 
point of diatanoe, which, cutting m c, wil^give the points at 
which vertical lines are to be drawn. 

In this study the case ia represented os square; bnt the 
method of working would be the eome, whatever might be the 
proportion of the breadth to the height. 

The horiaontal lines showing the junction of the sidoa of the 
compartments will complete tbe object. 

Exebcxsb 8. 

There is a esse of ahdves against a wall: the ease is R feet high and 
4(e«t wide; it has three XielTes placed so oa to divide the esse Into 
ionr eqnol spooei. The wood of which tbe ooie end shelves are made 
Is 1 inch thick; scale, 1 Inch to the foot. The height of tbe spec¬ 
tator is S test 6 Inches, sod 'his distance 15 tseh Tbs front of the 
ohfeot it to be parallel to tbe picture-plane, at 6 feet on the left of tbe 
spectator. 

Exxbcibb 9. 

Give a perepeetive view of the came object when at 10 feet on the 
right of the apaetatoT, and 8 fast within tbs piotnre, when its front is 
atsightanglestoths)i^etnra-plBne. Height of spectator, dista n c e , etc., 
tiHS itms as la tbe last exarcise. 


Fig. 17.—^In this etudy only a portion of the pioturo-plane ft 
need; the centre of the picture being placed at one able, and 
the point of, distance at the other. 

The eubjeot of the study ia a cube, placed first in the fore¬ 
ground, and then at different diatanoes within the picture. 

The length from A to B represents the diatanoe tff the cube to 
tho left of the spectator, and B o' is the length of its edge. 

iVom o' and b draw Ifres to tho eentre of the picture; and, 
as shown in Rg. 18(1), the cube, as it moves backwards at right 
angles to the picture-plane, will travel in this track. 

From B set off n, equal to tiie side of the onbe, and draw a 
line to the point of distance. This line drawn from d will out 
Boinn': a^ a horiaontal line from n'to out cc'in </'will givo 
the dietsut edge of the ground-plan of tbe cube. 

It will next be advisable to draw the perapeotive views of tho 
ground-plans of the two other views of the onbe. 

From D.aet off D a, equal to the diatanoe between the book of 
the first cube and the frwt of the aeoond. Draw a line from b 

to tile point of diatanoe, which, 
cutting B c in b', will gfive the 
position of the aecond cnbe; 
and a horizontal line drawn 
from B', ontting o' c in b", will 
be the front edge of the plan. 

It win thus be seen i^t b'b" 
repreeents o' B when it has re 
ceded to the given diatanoe. 

Now a line drawn from x to 
the point of diatanoe, cutting 
o' c in F, would be a diagonal of 
the square base of tho cube. 
Therefore ahorizontal line drawn 
from it would give F f', and 
completo tbe plan. But, as 
abre^y remarked in the former 
figure, this method would apply 
to the square only; and there¬ 
fore another method is shown— 
viz., set off on the picture-line 
from X the real length of the 
distant side, whatever that may 
be. The point f ia outside the 
present figure; bnt tho line 
drawn from it to tho point of 
diatanoe will be seen to cut b o 
in f', wbioh gives tbe position 
of the back line of tho plan. 
The third plan is to be drawn 
in a eimilar manner—viz., by 
sotting off from tbe last point 
on the picture-line the distance 
of the next cnbe and the width 
of its side, and drawing lines to the point of diatanoe, cutting 
B c in o and h. Then, aa in the previous oase, horizontal linea 
will give tho frmt and back edges of the plan required. 

Now on o' B oonstruot a aquare, reproaenting tiie front of the 
first onbe ; and from tiie two upper angles, i and 3 , draw linea 
to the centre of the piotnre. i 

On if x" and a o’ erect perpendionlarB, and theae will be cut 
by 1 c and j c at the required brnght. Horizontals being then 
drawn at the points where tiie perpendioalars are cut off, will 
complete the fronts of the two distwt onbes. 

The perpendionlara d', f', and E will give the distant edge of 
the side of each onbe, and the position of the rest of the linee 
to complete'the transparent appearance of the objects will be 
readily nnderatood from the diagram. 

Ezxbcxbx 10. 

Besle, ^ inoh to the foot. Etight of spectator, 6 feet; distance, 15 
feet. 

(L) Fat into perspective a enhe of 4 feet edge, when its front is 
jmraUel to the pictore-plsae, at 6 feet on the left of the spectator, Cod 
5 fret witiiin tbe pictnie. 

(3.) Put into petspeotiTe a cubical flgnie 8 feet square at base, and 
9 feet high, when at 8 feet on the right ef the spectator, and 10 feet 
within the pietnn. 

Fig. 18 is a onbioal figure, or block of stone, which ia much 
higher thn-n the Bjn of the spectator; and Tor tills rsason the 
top, of oourse, cannot Im seen. In order, however, to account 
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ITow dmw the front elOTation of the blook of snoh height as 
may be required, wad bOm both the upper angles draw lines to 
the centre of the pioturo. The distant perpendiculas is than to 
be drami from the back angle of the base, and tho interior lines 
will then foUov in their places. 

Fig. 19.—This figime wiU afford further piaorioe in placing 
objects in the distance, and tho principle having already been 
fully explained in relation to tho figures, it will merely bo neces¬ 
sary to pass rapidly through tho direotions for working this 
study. 

Having drawn the plan as in Fig. 16, mark off on the picture- 
line the distance between the columns; draw linos from these 
points to the point of distance, and these, cutting the line 
drawn from tho end of tho front edge of the base, w^l give the 
poritionB for the bases of the distant columns. 

From those plans eroot perpendiculars, which will be termi¬ 
nated by tho lines drawn from tho upper angles of the object in 
tho foreground to tho centre of the picture, and these being 
connected by horizontal lines will complete the view. 


NOTABLE INVENTIONS AND INVENTORS. 

VIII.-POTTEBT AND PORCELAIN (conHnwd). 
nr JOHN TIMBE. 

Thb essential ingredients of pottery and porcelain are silica and 
alumina. Pottery is opaque, while porcelain is translucent. 
Wares of cither kind ore nqft and hard, distinotious which 
relate as well to the composition of the ware as to tho tempera¬ 
ture at which it is made solid. Common bricks and earthen¬ 
ware vessels, pipkins, pans, and similar articles, are soft; while 
flre-brioks and oroekory are liard. Soft pottery consists of 
silica, alumina, and lime, and admits of being scratched with 
a knife or file. Stoneware is composed of silica, alumina, and 
baryta, and may bo regarded as a coarse kind of porcelain. 
Ha^ poroelain oontains more of alumina and leas of silica than 
the soft; it is baked at a stronger heat, and is more dense. 
Soft porcelain oontains more silica than tho hard, and is also 
combined with alkaline fluxes, so that it may easily bo soratched, 
and it is less able to resist a strong heat. 

Clay is so generally diffused, and is of sueb plastio nature, 
that artioles mode of it may be said to belong to every people 
and to all times. Tho first drinking-vessels wore, dotrbtless, 
sun-baked, and oonsequently very destruotiblo ; and it was not 
until the action of fire was discovered that permanence could 
be given to these artioles. The sun-dried bricks of Egypt, 
Assyria, and Babylonia have, however, been preserved to the 
present day, and “not only afford testimony to the truth of 
Soriptnre ^ their oomposition of straw and clay, but also, by 
the hieroglyphics impressed npon them, transmit the names of 
a sariwi of Idngs, and twdafy existence of edifices, all know¬ 
ledge of whioh, except for those relies, would have utterly 
peiisbed. Those of Assyria and Babylon, in addition to the 
same information, have, by their cuneiform insoripiaons, which 
mention the looalitios of the edifices for which they wore made, 
afforded the means of tracing the sites of ancient Mesopotamia 
and Assyria, witii an ooeuroey unattainable by any other moans. 
When the briok was ornamented, os in Assyria, with glazed 
reprssentationB, this apparently insignificaid but imperishable 
object has oonfirmed the insoriptions of the walls of Babylon, 
wUch critical soepticism hod denounced os fabulous. The 
Bomaa brioks have also borne their testimony to history. A 
large number of these present a series of the names of consols 
of imperial Borne; wldie others show that the proud nobility 
of the Eternal Cfitf partly derived their revonuea from the 
kfins of their Campasiian and Sabins farms ” (Birch’s “ Ancient 
Pottery’’).. Among the Assyrians and Babylonians, day was 
nsed ae a material for writing on. The traveller I,ayard dis¬ 
covered in the palace of Sennaoherib a whole libra^ of cli^ 
books, consisting of histories, deeds, ahnanaoke, epelling-booloi, 
Tooabnlariee, inventories, borosoopes, receipts, letters, etc.' 
About 2,000 of tiiese clay bodn of Hie Assyrians have been 
dkqovered ; they are in the form of tablets, cylinders, and 
hexagonal prisms of tena-ootta. 

The potter’s wheel, to give eymuetiy of shape tO day vessela, 
ie i^xMented 'On the EgypHan eonlpturet; it ie mentioned in 
^ Hdy E^ptoMii; and was in nse ^ aa early period in Amyria. 


The very oldest wares Qreeae bear marks of having been 
turned npon tho whod. The art of firing the ware ie aleo of 
the highest antiqniiy. Bemains of baked earthenware are 
common in Egypt in the tombs of the first dynastdes; and the 
oldest bricks and tablets of Assyria and Babylon, and remaine 
of Hellenic pottery, bear evidence of having passed through the 
fire. As the clay is by this process rendered porons, and in¬ 
capable of holding liquids, glaze must have been early em¬ 
ployed ; and numerous fragments testify to the nse of enamels 
amongst the Egyptians and Assyrians, and glazing among the 
ancient Gireeks and Bomans. With respect to form, the Greek 
vases, by their beauty and simplidty, have become models for 
rarioas kinds of earthenware; while the application of painting 
to wares has transmitted to us mnoh information respecting the 
mythology, manners, onstoms, and Uteratnre of ancient Greece. 
Even tho Bomnn lamps and red ware illastrato in thehr oma- 
monts many onstoms, manners, and historical eveifts. The 
largest'* voasels of clay formed by the Greeks were tho oaaks, 
one of which—and not a tub —was nsed by Diogenes for a 
residence when ho bogged Alexander to stand out of the sun¬ 
shine. 'niese casks wore too big to bo formed on a wheel, end 
so required great skill in making. 

The ancient pottery has its distinotions of time and place, 
as between tho rude urns of the early Britons and tho more 
Airefnlly finished specimens of their Boman conqnerors. The 
simple, nnglazod earthenware of Greece oontrasts with tho more 
elaborate Etniscan forms, the firisst of which, however, are 
probably by Greek artists; and tho rod and black potteries of 
India uontrast with tho black and white potteries of North 
America, the latter being intorsticrsed with bivalve sboUs. 
Among the ruins of Central America have been found spooimous 
of pottery oonsidorably in advance of the arts assigned to tho 
ruins, namely, 1000 B.c. These specimens hod been formed 
without the assistance of the potter's wheel j but they ore well 
baked, the omaments are in different colours, and they are 
coated with a fine vitreona glaze, such as was unknown in 
Europe until about tho ninth century. 

Porcelain is of modern introduction into Europe, but it was 
known in China more than a century before the Christian era. 
Ihe Chinese improved tlicir art during four or five oenturies, 
and then, supposing themselves to have attained perfection, 
they allowed it to remain stationary. So completely was the 
manufacture identified with that nation, idiat, on tho introduo- 
tiou of porcelain into Europe by the Portuguese in 1518, it 
reooived the name of “ ohina,’’ which it still partially retains. 
Tho Chinese continued to supply us with porceWn during many 
years. It was supposed that tho fire-clay, or ksbolino, used is 
its production was peculiar to China, and that it was, oon¬ 
sequently, hopeless to attempt to mannfootaro porcelain in 
Europe. 

While tho Chinese wore improving their manufacture, tho art 
of making decorative pottery became lost in Europe. It was 
revived by the Mahometan invaders of Spain, whoso tiles of 
enamelled earthenware are to bo seen in the Moorish buildings 
of Seville, Toledo, Granada, and the Alhambra. They are of a 
pale clay, “ the surface of whioh is coated over with a white 
opaque enamel, npon whioh the elaborate designs ore exeonted 
in colours.’’ The Spaniards acquired from the Moors the art 
of manafactnring enamelled tiles, and they stiU oontinne to be 
mode in Talencia. «, 

The Hispaso-Ambio pottery (as it is called from bung 
adorned with Arabia inscriptions} is the prototype of the 
Italian majolica, tho enamelled ware of Italy, dating from the 
twelfth century. It is related that a pirate king of Majorca, 
about the year 1115, was beaioged in his stronghold by an 
army from Pisa, and being vanquished, the expedition retired 
to Italy laden with spoil, among whioh were a number of plates 
of Moorish pottery. They were not imitated until the four¬ 
teenth cmitory, when speoimens of majolica—so called from the 
island of Majoroa—were produced; they resemble the Mooiidt 
examples in having arabesque patterns in yellow and green 
upon a blue ground. About the year 1451 the manufoctoro 
had become oelebrated at Pesaro, the birthplace of Luda della 
Bobbia, who is regarded by some as the inventor of this ware. 
His Madonnas, Scripture subjects, fignrei, and arohiteotnral sob- 
jeots are referred to by Mr. Manyat^ “ hy fsr the finest works 
of art ever executed in pottery.” The maarafaotore of majoUoa 
flonrished during two oentnries, under the patMmage of the 
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liooBe of Urbino, when tbo most ominent artwts fnraiBbed 
dedgns. Tliere is a traditibn tiiat BoSmIIo was so employed, 
whenoo majolica sometimos posses as “ BaffaoUe ware.” The 
most oelobrated dates twenty years after the death of Baffaelle, 
bnt his scholars need his drawings in composing designs for 
the finest specimens. The manofacture attained its greatest 
oelebrily between 1540 and 1560; the art then began to de¬ 
cline, add the introduction of porcelain—properly so callod— 
help^ to complete its downfall. Here we may mimtion that of 
late years, majolica, in Bnglond especially, has brought ” fabu¬ 
lous prices.” Tbo Bernal collection, dispersed in 1855, con¬ 
tained about 400 pieces of majolica ware, which cost Mr. 
Bernal less than ill,000, but realised at the sale ^7,000 ! 

Majolica prosper^ in hVance under the name of faience, 
supposed to ^ derived from the village of Faience, in the depart¬ 
ment of Var, which, as early as the sixth century, was cele¬ 
brated for glazed pottery. The faience manufacture flourishod 
under the patronage of Catherine do Medici and her hiamnon 
Louis Gouzaga; the latter established Italian artists, whoV^'o- 
duced onamoUed pottery from native materials. This declined, 
but in the eighteenth century it recovered, and became cele¬ 
brated for the brilliancy of a dark-bluo enamel, with white 
patterns, upon a oommun ware. But the pottery peculiar to 
France is “ Palissy ware,” whose inventor had considerable diffi¬ 
culty in bringing his ware to perfection, though alter sixteen, 
years’ labour ho succeeded. His rustic pottery became the 
fashion of the day; liis stylo is quaint and singular, his figures 
are chaste in form, the ornaments and subjects—^historical, 
mythological, and allegorical'—arc in relief and coloured. His 
natural objects, except certain leaves, were moulded from 
Nature. His shells are from the Paris basin, his fish from the 
Seine, the reptiles aud plants from the environs of Paris; tho 
colours aro unusually bright, and mostly confined to yellow, 
blue, and grey. Ho is “ a groat master of the power and effect 
of neutral tints.” A favourite subject with him was a flat 
basin, or dish, representing the bottom of tho sea, covered with 
fishes, Bhells, sea-wood, pebbles, snakes, etc. 

Franco is also celebrated for its ware known as “Benals- 
Bonoe,” or fine faience of Henri II., of which there are only 
tweniy-seven ]uuces extant. The manufactory js oonjectured to 
have been at 'i'houaTH, in Touraine. The material is fine white 
pipeclay, seen through a thin, transparent, ydlow varnish ; tho 
patterns are engraved on the paste, tho hollow being filled up 
vsrith ooloorod paste, so as to resemble fine inlaying or chiselled 
silver work in niello. A single ooudlostiok of this costly wore 
was sold some years ago for il220. 

Holland, from its extensive trade with Japan, was induced to 
imitate Japanese poroelain. The chief seat of the manufacture 
was Delft, and the ware was known and esteemed in the six¬ 
teenth oentnry by its fantastio design, good oolonr, and beantiful 
enamel. The Japanese origin was seen in the monstrons animals, 
the three-ringed bottle, tho toll shapeless beaker, and tho large 
oironlar dish, which were long regarded in Europe, as favourite 
ornaments i while the oommou articles were so generally distri¬ 
buted as to obtain tho name of “ Delft ware,”—in Dutch, plated. 
These, however, have been supplanted, even in Holland itself, by 
the superior manufactures of England, and the improvements 
introduced by Wedgwood in thg making of pottery. Abont 
two hundred and forty years ago, some Dutch potters established 
themselves in Lambeth; and, bv degrees, a little colony woe 
fixed in that village, possessed of abont twenty manufactories, 
in vdiioh were made tho glazed pottery and tiles consumed in 
London and other parts of the country. Here they oontinued 
to flourish till they were mostly superseded by the potteries of 
Staffordshire. 

In England, the first msnnfaotory of fine earthenware is 
said to have been erected in the reign of Elizabeth, at Stratford- 
le-Bow. This has long disappeared. The specimens pre¬ 
served are remarkable for their lightness.. Tho well-known 
Shakespeare jug—said to have belonged to bur great dramatio 
poet—is a good specimen of Elizabethan pottery. It is of cream- 
oolonrod ware, divided lengthwise into oompartments, each con¬ 
taining a mytkologiosl snbjeot in high relief and of oonsiderable 
merit. Fao-simileB of this jug are made at Worcester. The 
EUsobethon pottery nearly approaches in hardness that of fine 
stoneware; it is dingy white, with quaint figures and foliage in 
relief. The StofiordshiTe potteries came Into pote in rei^; 
some of the earliest spedmena are butter-pots of native brid;- 


earth, glazed with powdered load-ore, dnsted on while the wore 
was in a green state. 

In 1854 a manufUetory of earthenware was established at 
Fulham, specimens of wMoh are still valued by ooUeotors M 
“ Fulham ware," oonsisting of white gorget or pitchers, marbled 
porcelain vessels, statues, and figures. Abont the time of 
Bevolution, ale-jugs of native marl, ornamented with figures of 
white pipeclay, were introdtmed. During the reigns of Anne 
and George I., an improved ware was mode of sand and pipeclay, 
oolonred with oxide of copper and. manganese, forming the weB- 
known “ agate-ware ” and “ tortoiseshell-ware,” conferring on 
tbo pottery tho charaotor of a hard paste, which was snbse- 
'1}uently so much improved by Wedgwood, and introduced under 
the name of “ quoen’s-ware,” by permiasion of Queen Charlotte. 
Previous to this period tho upper olasses of Great Britain ob¬ 
tained their porcelain from China; while the great bulk of the 
earthenware in domestic nse was supplied by j^anoe, Germany, 
and Holland. To compote with these formidable rividB, Wedg¬ 
wood, with persistent genius, employed the native materials 
which eurrounded him in Staffordshire. Ho became a practical 
chemist, and improved the composition, glaze, and oolonr of hia 
ware; and he invited Floxman, the sculptor, and other eminent 
artists to furnish him with designs. Among Wedgwood’s in'- 
ventiona ore a terra-cotta resembling porphyry ; basalt, or 
block ware, which would ttriko sparks Uko a flint; white por¬ 
celain, with properties similar to basalt; bamboo or oeno- 
colourod bisooit, jasper; also a poroelain biscuit little inferior 
to agate in hardness, and used for-pestles and mortars in the 
laboratories of chemists. Ho also imi)arted to hard pottery 
tho vivid colours and brilliant glaze of porcelain. Ho repro¬ 
duced willi very great success some of the finest works of anti¬ 
quity; ho copied the Barberiiii or Portland vase, and, after 
executing fifty copies, destroyed tho mould. His finest produc¬ 
tions took rank with the choicest works of Dresden and S5vres. 
Ho greatly improved stoneware, which France manufaotnrod 
before the sixteenth century; and, in England, Dutch and 
German workmen were engaged in its manufacture at an early 
period. The mode of glazing by common salt enabled the stone¬ 
ware mannfactnrers to compete succossfully with delft and soft- 
paste fabrics. Next, a very fine nnglazod stoneware, with raised 
ornaments, known as ” red Japan ware,” was made in England, 
after the failure of many previous attempts. It appears that 
two brothers from Nuremberg discovered, near Burslem, a bed 
of fine red clay, which they worked at a small factory erected 
on the bed Itself. They ondoavonred to conceal their discovery 
and tiioir mode of working, but the process soon became known. 
Their wore was fine in material and sharp in execution, the 
ornaments being formed in copper moulds. 


ANIMAL* COMMEEOTAL PRODXJCTS.—XY. 

PBODUCTS OP THE SUB-KI^JODOM ANNULOSA {continued). 

As fSTnewrly STyear the queen bee does not lay any eggs des¬ 
tined to become queens, if any evil befall her daring that time 
the hive is loft without a queen. Her lessor death stops the 
work of the hive, and, unless another queen is provided, tho bees 
either join another hive or perish from inanition. After about 
two days, however, the boos generally decide to provide them¬ 
selves wi^ a queen, and this state of anarchy subsides. A few 
of the workers repaiPto tho colls in which their eggs aro de¬ 
posited, three of these cells arc mode into one, a single egg 
being allowed to remain in it. When this egg is hatched, the 
maggot is fed with a peculiar nutritive food, called “ royal bee 
brood,” which is only given to maggots destined to produce 
queens. Work is now resumed over the whole hive, and goes on 
as briskly os before; on tho sixteenth day the egg produces a 
queen, whose appearance is hailed with delight, and who. afi 
onoe assumes sovereignty over tho hive. 

If the old queen should survive, and the young queens emerge 
from tiie eggs last deposited by the old queen under ordinsxy 
oircumstances, the workers do not allow them instant liberty, 
as severe battles would take plooe between them and the reign¬ 
ing dueen; they are ^erefore kept prisoners in the cell, and 
fed through a small hole which is made in the ceiling cf. their 
oeQ, through which these captive queens thrust their tongues 
and reoeive their food from the workers. In this state of oon- 
finament the young queen bee utters a low eomplaining note. 
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irliklt luw bestt compand to siagiiifr. WlieB the old qaaan finds 
one of tiicM oaptiTW, she nses viaty effort to teu open the oell 
and destroy her rhrsl; the mtrken prevent this, polling her 
away tiie 1^ and wings. After repeated attempts to pene¬ 
trate (he oells and destroy her royal proge^i the old queen be- 
oomss infnriated, oammnnioates her agitstton to a portion of 
her snbjeots, who, together with her, rush oat of the hire and 
seek a new home. The queen and aooompanying swam gene¬ 
rally fly to some neighbooring leeting-plaoe, are observed by the 
owner, eaptored, plMed in a new hive, and a new colony is at 
once commenced. The labourers that remain pay particular at¬ 
tention to the young imprisoned queens, and those, as they are 
freed from con¬ 
finement, suooes- 
aivaly lead off 
fresh swarsu, if 
the hive be not 
enlarged. Each 
ewarm oontainB 
not only the re- 
eently • hatched 
young bees, but 
also a portion Of 
the old inhabi¬ 
tants. After the 
hive has sent off 
three or four 
ewarms, there 
ore not enough 
beesleftto guard 
the royal cells. 

The young 
queens conse- 
qnently oseape, 
two or three at 
a time; a battle 
ensues amongst 
them, and the 
strongest re- 
mams queen of 
the hive, after 
deetroying all 
the royal larve 
and pupae that 
renuun. 

Aooording to 
Huber there arc 
two varieties of 
working bees. 

The nurse-bees, 
which continue 
in the hive,whose 
office ie to build 
the ' comb and 
feed the lorvas; 
and the collect¬ 
ing bees, which 
fly abro^ and 
bring book to the 
hive the pollen 
and honey which 
they collect. This 
pollen ie formed into littie pellets, and packed on the hind legs in 
the reoeptaole formed there for thia object. Honey ie also swal¬ 
lowed by the bee, which passee into the crop, where it aoeumu- 
lotes aa in a reservoir, and on the return of the beo to the hive 
is poured into a hirney cell. When a pollen-laden bee airives at 
the hive, ehe puts her two hind legs into a cell, and brumes off 
^e pellete with the intermediate p^. These pelleie are kneaded 
into a paete at tiw bottom of the odl. The softened kneaded 
poUenthuspaokedawayie called “bee-biead." Besides Wey 
; and poQen, bees ooUect a gnm-resin called by Pliny propolis, 

; principally from the baleamlo bude of the horM-bheetnut, biroh, 
and poplar. Thia is used in dosing np crevices in their hives, 
and in strengthening the margins of the obHs of the comb. 

BoneyaaA Waaaam two vmlud>Ie commercial articles forwhioh 
we are indebted to the labouM of tiie Mve bee. Bees'-was is 
^ pssparsd by meltng the oomb in boiling water after the honey 


baa been removed; the mdted wax la then strained and oast 
into eakes, which have a pole-yellow eoloi|t and apkasant odour. 

White beea’-wax is forinsd I 7 enposiag ths yellinr wax in thin 
slices or ribands to light, air, 1 ^ moiatere, and then rs-mahing 
and forming it into oidees. Wax candles are made by snapend- 
ing the wicks upon a hoop over a caldron of melted was, whiob 
ie snooeseivdy poured over them from a laidle till tiiay brnn ao- 
qnirod the proper eiae, so that the candle oonaista of a aeries of 
layers of wu; the upper end ia then ahaped and the lower otit 
off. Wax is also much used in taking caste or moulds, and as 
an ingredient in aerates and ointments. It is of great vabue in 
anatomy in representing normal or diseased Btmotnrea. Most of 

onr anatomual 
mnaenma have 
instructive pxe- 
parations made 
otthissnbetance. 

In addition to 
the large amount 
of wax, the 
annual produce 
of our own hives, 
opnsiderable 
quantities are 
leooivod from 
Canada. Africa 
also sends ns 
heavy eapplies. 
About 300,000 
lb. are annually 
shipped from 
Madr^. Alto¬ 
gether wo use 
every year in 
this country 
about 500 tons 
of wax, valued 
at .£300,000. 
Above 2,000,000 
lb. of honey are 
annually import¬ 
ed into the Uni¬ 
ted Kingdom, in 
addition to that 
obtained from 
our own bee¬ 
hives. 

C o chineal 
(Oocciis cacti).— 
This valuable 
insect was first 
iuttodnoed into 
Europe in 1523 
from Mexico. It 
belongs to the 
wder HemipUm, 
or lialf - winged 
insects. 

Ihe culture of 
tbo cochineal 
insect has ex¬ 
tended from the 
Nevr to the Old World, and it is now prodnoed in India, Java, 
Algiers, and many ports of Europe.' The cochineal insect is 
small, rngoee, and df a deep m^borry oolonr. It feeds on 
several species of cacti. Those insects axe scraped from the 
plants into bags, killed by boiling irater, and then dried in 
the sun. Those are preferred which are pbunp, of a silvery 
appearance, and whidt yield when tubbed to powder a brilliant 
orimson. It ie estimated that 70,000 of these minute insects 
are neoessary to make a eingle ponnd of ooohineal. Tn 1863 
we imported 86,375 owt. of oochineal, volned at A5S8,691. 

The red oolooring matters known by the namssof carmtnssnd 
lain are made from ooohineal. Ooohineal is nsed for dyebig 
scarlet, and ie employed ohlefly for woollen goods. The iya is 
obtained by fixing the oolonring matter of (^ indeot hf a mor- 
dairi of alnmina and oxide of tin, and exalting the cdonr by the 
action of eupm^-tartrato of potadi. 
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Bjr 1. M, Wiam, B.A. 

coirnBiTOTiON or antaut.inaDiiB jKarBVHXim — thi 

oo3cicOTAros — ram c6ut — bwitohxs — swibb cox- 

VrZAXOS—XODX or JOISmO up ClltOTTIT. , 

BxstoxB the regular eignale we hapa already enumerated, there 
are almye a few othere to denote Tarione ipeoial things; hnt, 
aa theaa do not form part of the nnirersal code, and are ooea* 
eioaelly varied, we need not insert them here, bnt may pass on 
at onoe to explain in detail the meohaniam of the inetniment 
itaeU. 

This will easily be understood by refereneo to Pig. 23, whioh 
r^reseuts a back view of the interior of a single-needle tele¬ 
graph instrument, the outer ease being entirely removed. Ko 
alamm is shown here, that being tr^uently contained in a 
aepaiate case ; sometimea, however, for ^e sake of eonvenienoe, 
it is placed in the upper portion of the instrument-oan^ .and 
oven then it is quite distinct from the rest'of it. 

At the back the base-board are seen four binding-screws, 
by whioh the in- 
atmment is joined 
in oironit wi^ the 
batteries and the 
Une. The wires 
leading from the 
positive and nega¬ 
tive terminals of 
the battery are con¬ 
nected with two of 
these, marked re- 
apeotively o and z. 

The terminal L 
connected with the 
line - wire, and x 
with the earth- 
plate. 

The handle seen 
on the face of the 
instrument is se- 
onrely fastened to 
the cylinder, a b, of 
the oommutator. 

Thia is made of 
some hard, dry 
wood, usually box, 
and is supported in 
front by the dial- 
plate, through 
which its axis 
passes, and at the 
back by the sup¬ 
port o. In the 
figure it is shown in the position it occupies when the handle 
is pressed to the right, so as to send a beat in that direction. 
The barrel, or cylinder, has a metal ring at each end (a and h ); 
these are perfectly instated from one another by the dry wood 
between them. A brass 8pring,*e, presses against the front 
one of these rings, and thus this end of the cylinder is in 
constant connection with the binding-screw z, through the 
medium of this spring and the brass atrip leading from it. 

The other end of the cylinder ia in metallic oommunioatian 
^ with the axle at that end of the cylinder, and thus, through the 
medium of tiie strip d and the spring which rises from it, with 
the binding-screw o. It will thus be seen that, by means of 
these springs, the two ends of the cylinder become virtually the 
two p<^ of the battery. 

Tiro short pegs of stout wire are inserted in the metal 
rinn of the cylinder—one in the under aide of the front ring, 
and the other on the upper side of the back ring. These are so 
placed aa to be in the same plane aa the handle in Qnmt. 

Erom X a strip of braes passes along the base,. ;^iMnillel with 
the cylinder, and is connected to a brass apihag, i, ao arranged 
tiiait when the cylinder is inclined in that direction the pin e 
shall come in contact with the spring and taue it. A stont 
pieoa of brass, i, is likewise connected with tite str^, and this 
■Si rap as a stop for the pin in a to strike agaiiist. 

On tile other side of ihe instrument is a timihur spring, /, and 


stop, bnt these are connected with the binding-sovew g. The 
springs k and /, when not raised by the pin «, rest agaqwt the 
ends of a short piece of brass fastened to the support n, and 
thnrarc in metaUic communication with one another. 

This, then, ia the traiumitting part of the appardtns, and 
above the commutator is seen the ooil a, which is essentially 
the receiving portion. In its constmetion this js vary similar 
to the “detector” referred to in page 255, being merely a 
delicate galvanometer, with the nee^e placed vertimdly. Two 
small oases are made of thin wood or pasteboard, allowing just 
sufficient room for the needle to swing freely within them. 
They are then carefully wound round with very fine copper 
wire covered with silk, to aa to insulate the snooessive layers. 
Considerable care is required in winding these ooQs, as if the 
wires in the different layers run at dl crosswise much of the 
power is lost. Both coils are wound in the same direction, and 
the ends are then connected, so as to make one oontinnona 
circuit round both. 

The reason for having two separate coils is that it renders* 
it much more easy to put the needle in its place, one end of 

the axis being sup- 
ported in tiie bei^ 
ing seen behind the 
coils, while the 
other turns in a 
small hole in the 
bridge seen on tiie 
dial face. The con¬ 
struction of the 
needle is shovm in 
Fig. 24, where A 
is the magnetised 
needle whioh is 
within the coil, and 
B that seen on the 
face of the instru¬ 
ment. The latter 
is usually nnmag* 
netised, and serves 
mmely aa a pointer. 
In some instru¬ 
ments, however, 
both are magne¬ 
tised, the poles 
being reversed so 
as to render the 
combination astv 
tic. In either case 
the lower end ia 
slightly weighted, 
so as to cause the 
needle to resume 
its vertical position 
immediately the ourrent is interrupted. The neeffies are held 
in their places by means of small nntil on each sido of them, 
Bcrewa being ont on the axis at the places where titoy are. 

The ends of the ooil are connect^ to.tiie binding screws g 
and h, the latter being in oommunioation with n by means of a 
brass strip. 

We Me now in a pOKtion to trace the course of the ourrent 
through the instnment, and in doing so shall understwd 
clearly the purpose serv^ by the different springs and strips 
of whidi we l\p.ve been speaking. First of all, wo suppose 
that a distant station is sending a message. In this case the 
batteries of the receiving station are not required, the only 
thing necessary being a direct path by whioh the current, ns it 
arrives, may pass round the coils and on to the earth-plate. 
Tlds we shi^ see is the case when the handle is vertical. 

The current arrives by the line-wire, and reaches i>; it then 
travels along the strip to h, traverses the coil, returning to gj 
from this it passes up the strip /, across tiie piece of wte 
againBt whioh this rests to k, and thence to x and the earth- 
plate. In thia way the lino-wire and the earth-plate are 
virtually connected directly to the ends of the ooil, and for a 
sinq)le receiving apparatus thia is all that we need. 

Now let ns trace the course of the current when vre send a 
message. Let ns imagine the handle to be turned to the right, 
ae shown in the Qlustration. The pin e first of all raises tiio 
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spring / off the snpporti against which it leans, the other pin 
then oomea in contact with t. The current now passes from c, 
along d, to the axis of the commutator, thence, by e and /, to 
the BCTOW g. It then passes ronnd the coils, and returns to h, 
whence it goes from L along the line-wire, ronnd the coil of the 
instrument at tho further end, and ba^, by the earth, to b. 
'fho circuit is then completed by tho stop i, the cylinder a, and 
the spring c. 

When tho cylinder is turned in tho other direction, tho course 
of the current is from C, by d,e,k, to tho earth-plate, returning 
from Ih by U, g, a, and c, to z, so that now it passes round the 
coil in the reverse direction, and accordingly deflects tho needle 
to the left instead of to the right. 

When tho instrument is not a terminal one, but in tho middle 
of a circuit, u is usually connected with tho line-wire on one 
side, and £ on tho other. A switch is, however, oonnootod with 
tho instrument, so that earth may be put on at either side at 
pleasure, and the instrument on that side is thus cat altogether 
ont of the oironit. 

Many different forms of switches are often employed for 
purposes similar to the above, and it is well, therefore, just to 
explain tlie principle on which they act. In Fig. 25 we have a 
figure of an ordinary peg switch, suitable for the case referred 
to. Three plates of brass are fixed upon a board in tlio manner, 
there shown. One of those is placed in oonneotiou with the 
earth-plate, tho other two with i, and e respectively. If, then, 
we want to receive a message from h, we can ont off all stations 
on tho other sido by inser^g a brass peg in the opening a, 
which will make a direct commnnioation between E and tho 
oarth-plato. In a similar way wo can out off tho stations on 
the other side by inserting tho peg in e; while if it be necessary 
at any time to cut our own instrument altogether out of oironit, 
without iuterforing with other stations on tlio same lino, wo 
can easily do so by inserting the peg in 1>. In each case a much 
shorter path is provided for the current, and as it always 
travels along that whioh offers least resistance, it takes this in 
preforonoe to tho route through tho instrument. When any 
instrument k by any such oontrlvanoe out off from tbo rest, it 
is said to bo “ short oirouited,” end on arrangement of this kind 
is very frequently employed- 

It not nnfrequontly happens that iliero are several different 
oiranits between whioh communioationB are at times required 
to bo mode, and in this case tho number or shape of the brass 
plates is altered so as to mesrt the special circumstonoes. 

Another oontrivanoe frequently employed for tho same 
purpose is known as the “lever-switch,” and will bo under¬ 
stood from Fig. 26. The line-wire is connected to a binding- 
screw on a strip of brass, B. A second strip, C, tnms on a 
pivot at tho end of this, and oan at pleasure be made to rest 
on the springs or studs, a, i, and X, whioh are oonneotod re¬ 
spectively with the alamm, tho instrument, and the eartlt-plate, 
or ony other pieces of apparatus. Tho current may therefore 
be mode to take either of those courses as may be desired, and 
fho number of pegs may bo inoreased if needed. 

This switoh is not so much employed os the peg-switch 
already described, since tho number of combinations that oan 
be offeotod by means of it is much more limited ; it is, however, 
simple in oonsismetion, and less liable to bo loft wrong by 
aooidont. 

In Fig. 27 wo have a diagram showin^tbe simplest form of 
short oironit that we oan employ. Tho two wires ate brought 
to binding-Borews affixed to the brass strips b and c, and &om 
these other wires load to the instrument. Another strip of 
brass is attached by a pivot to B, so that when it rests on o a 
direct passage is provided for the. current from b to o, but 
when In the position shown t3u> oarrent must pass tlirough the 
instnunant. 

When there are several instmiaents in an office, and several 
(iterant lines of telegraph starting &om it, various arrange- 
meuts of this kind are olmoat indispensable. Very frequently 
tho different wires ore brought to one part of the bmldi^, and 
omneoted there to a aeries of binding-soiews, each of which is 
distinctly labelled. 

When .there are several different oirouits, whioh have at rimea 
to be oonueoted, the “ Swios Oommutator,” or “ Universal 
Switoh,” represented in Fig. 26, is. found a very useful oon- 
trivunoe. A flat slab of eome hard, dry wood is taken, -and 
strips of brass ore inlaid on eaoh ride of it, those on the upper 


side running in the reverse direction to those on the lower. 
Holes are then drilled, through these strips, as shown, and'by 
insertiug a spring brass peg in tho proper erne of these, a oom- 
muniootiou may be established between any one of the upper 
and any one of the lower oirouits. 

Many other contrivances of this nature are often employed, 
but we need not stop to refer to them in detail. 

In our next lesson we shall doscrifao a simpler form of oom¬ 
mutator that is now adopted on many lines; but it vrill be 
best first to explain tho method of joining up any oironit, that 
is, of making the proper connections with the batteries and 
lino-wires. Wo will snppose that we hare two stations with 
instruments, batteries, and line-wires all eomplcte, and we want 
to establish tho oommunleation between them. 

First of oil, let each elork connect tho binding-screws L and 
K of his own instrument by means of a loop of wire, unless, as 
is frequently the case, there is an arrangement in tho instm- 
meut for doing this by a short oironit. The batteiy wires are 
now comiootod to c and z rospootivoly; sometimes there is a 
difficulty in determining whioh is tho proper wire for eachsorew, 
but this is easily obviated. We have merely to connoot one 
wire to each screw, and then turn the handle in front of the 
instrument. If the couneotions are rightly mode, the needle 
will move in tho same direction as the handle is inclined. 
Should it moTO in tho contrary dirootion, wo at once know the 
wires are wrong, and have simply to reverse them. 

Tlio loop of wire is now taken off, and tho line and earth 
wires joined on; tbo operator at the other cud then sends a 
few doflootions to tlie right, and wo at once see if tho wires 
have been rightly oonneoted, and if they have not wo reverse 
them. In this way all tho connections are sure to bo right; the 
nmin point to roinomber is tliat wo first of all make snro our 
own batteries are rightly connected, and then afterwards see 
to tho line-wires. Bearing this in mind will frequently save 
considerable trouble and loss of time. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS and MANUFACTURERS. 

IX.—GEORGE STEPHENSON. 

BT JAMES aUAMT. 

Gboboe Stephenson, the ongiuocr (father of the oonstmetor 
of those vast works, the High Level Bridgo across tho Tyue, the 
Britannia Tnhular Bridgo, and that mightier work of art, tho 
bridge across tho St. Lawrence), was tho second son of Bobert 
Stephenson and his wife Mabel, and was bom on tho 9th of June, 
1781, in a hnmblo olay-floored cottage in tho ooDiory viUago of 
Wylom, right miles from Newcastle. There wore five other 
ohildren, whoso lot was the heritage of toil, and all had to toil 
hard, for the wages of their father were small, as his oceupatioa 
was that of fireman to a ooal-pit engine. George was in his 
eighth year when his father was employed in a colliery at 
Dewley Bum, whore the ritnation of a herd-boy enabled him 
to earn twopenoo per diem to aid the half-starved family. 
From being a herd, the boy was promoted to load horses when 
ploughing, to hoe turnips, and do other farm work, whioh zaised 
Ms earnings to fourpence dai^ ; yet his taste lay not in ogri- 
colture, but among those grimy pits whore he had first seen the 
light, and he obtained employment as a gin-horse driver at the 
colliery of Black Callerton, two miles distant from his father’s 
cottage, and in his fourteenth yeir he thought that he hod 
attained tho height of his ambition, when ho earned a shilling per 
day as assistant fireman to Ms father at Bewley Bum. OntMs 
pit being worked out, the workn^en and ai^aratus were removed 
to another at Jolly's dose, and thither Went the Stephensons, 
to becomo tho ooonponts of a cottage oomposed of one apart¬ 
ment, in a humble street of similar dwelling, with monntidns of 
slag behind, and a run of foul water in front. The total 
.earnings of the whole family omoantod to nearly jfilOO per 
knnnm; they lived rent-free, and yet not a peimy was ever 
spent on education or mental onltnze of any kind; for the 
social ideas of the Northumbrian oolliers were then low indeed. 
“ list any one picture to himself the situation of a friendless lad 
tota^ unednoated, Uving in such a oolUery village, and then 
try to conceive by what forik 'of airoamstanoes that lad wak to 
attain eminence in wealtii and station and as a bene&etarto 
mankind I “ 
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At tho ooUieiy of Thiookley Bridge he Tran employed in 
attending to tbe fumaoe of one of ^e giant engines which 
doored the pit of water, and then hie wages were twdro 
shillings weel^, and there the lad seemed to ^ in hie peonlior 
clement; ho would eooar and groaee, polish and work among 
wheels and levers, pietons, pnmps and cylinders, tUl he aotnnlly 
came to regard his engine with something akin to, admiration 
and affection. It became a kind of hobby with him to take her 
—for BO he called it—to pieces, examine all the component 
parts, dean, and pnt them together again; then a shont of 
pleasure would sometimes escape him when the steam was let 
on—when the groat lover wont dotvn and brqught np a volume 
of water that flowed away like a small river; but hiedghteenth 
year found him still ignorant of the alphabet! 

The necessity for odnoation began to impress him seriously 
now ; ho could model miniature engines in day, thus fixing the 
shapes and proportions in his memory; but when he was told 
of others that he had never soon but could read of in books, he 
resolved that, cost what it might, he would go to school; and 
aftbr a few preliminary lessons, received from a poor teacher, 
named Bobin Cowens, at the rate of threepenoo weekly, ho 
began regularly to attend an evening school, kept by Andrew 
Bobertson, a Scottish dominie in the village of Nowbum, where 
he rapidly advanced in penmanship and orithmetie. The latter 
ho studied with a slate while attending to the engine, thus 
utilising time; and this was all the education he ever received. 

The year 1801 found him a workman at the Dolly-pit of 
Collecton; but though wages wore high, ^>od was scarce and 
dear; thus he was compelled to spend his evenings, not in 
study, but in making and mending shoes. In this branch of 
trade ho beoamo on expert cobbler, and “ if anything could have 
spurred him on, it was the desire to solo the shoes of his sweet¬ 
heart, pretty Fanny Henderson, and of these ho is said to have 
mode a capital job.” He studiously avoided all taverns or 
public-houses, and his sobriety, industry, and energy had ere 
long their reward. His savings enabled him to furnhdi a small 
house at WUlingrton Ballast Quay, on the Tyne; and there ho 
brought homo Fanny as his wife on the 28th of November, 1802. 

From mending shoes, he now betook him to the repair of 
timepieces, and was known among his neighbours by the aohri. 
qwt of “the clock-doctor.” On the ISth of December, 1803, was 
bom his only son, Bobert, who lived to attain the head of his 
profession as a railway engmeer. In the following year ho lost 
his young wife, to whom ho was deeply attached, and the blow 
was all tee heavier that his son was still an infant. Ho was 
then employed as a brakesman of the coal-lifting machinery at 
Killingworth, where ho won tee reputation of being a skilful and 
trustworthy workman. 

Being invited to superintend an engine near Montrose, in 
Scotland, ho loft his child in charge of a neighbour’s wife, and 
set out for the scone of his new employment, two hundred miles 
distant. This journey ho performed on foot, carrying a wallet; 
but after some qimvrelling with his Sootoh employers, he left 
them, to trudge back in the same humble fasMon—his total 
earnings being .£28, which enabled him to suocour his father, 
who was then aged and blind, and whom, with his old mother, 
he contrived to place in a oomfor^blo oottago near Nowoastlo. 

The year 1807 saw him drawn as a private of militia, and 
every shilling he had saved was spent in procuring a substi¬ 
tute : a loss which exasperated Inm so much, that for a time ho 
oonoeived the idea of emigrating to America. Amid all his 
struggles and psonniary difficulties at this dork period of his 
life, it is to his honour that ho never foiled in providing for the 
wants of his aged parents, and for his ohild ttet education, of 
which he had so sorely felt the loss hinuell. Three years after 
his escaping tee Bulitia ballot, there ooourred on opportunity for 
bringing his name prominently forward in his own locality. 

At Killingworth High Pit there was a badly-ocmslmcted 
eteam-ongino, which failed to do its work. Several engineers 
in Buooession had failed to put it right, and the proprietors 
wore glad to let George Stephenson examine it. Though 
he had a great reputation for olevemesa—^nothing more— 
they never expected him to sucoeod. He took tho entire 
engine to pieces, re-arranged it, and eet it to work in the 
most' efCectnal manner, to the mortification of teoee who had 
mieearried, and the eatisfaction of the proprietors, who presented 
Urn wite a gratuity of £10. This event placed him on tho 
footing of n regnlor engineer, and as such he was consulted in 
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all cases of dofootive pumping apparatus. The year'1812 saw 
him engaged in planning machinery for working pits and 
wheeling off coal; and tee ooUiorioa of Mountmoor, Killing' 
worte, Derwentcrook, South Moor, and others belonging to 
Lord Bavensworth and his partners, were all put under his 
core. 

Among those who had thought deeply foy years of the proper 
application of steam to carriages was Stephenson, who, o^r 
many experiments, began to run a locomotive on tho hHUing* 
worth Railway in July, 1814. This he named the *• Blueher,” 
in honour of tee Prussian marshal. At best it was only a coal- 
drag, that drew eight wagons of thirty tons at the rate of four 
mUoB an hour. It wim full of defects, and clumsy; but Stephen¬ 
son soon remedied all by giving the furnace more draught; ho 
scut Uio waste steam into tho funnel, by whioh the power of tho 
engine was doubled, and ere long tripled. In the following 
year, having bad his attention drawn to the disasters in mines 
by tho explosion of fire-damp, ho devised a safety-lamp, not 
uidike that invented about teo same time by Sir Humphry 
Davy. 

Still planning improvomonts at Killingworth,.'Stophonson con¬ 
tinued to develop travelling by steam, and step by step teo 
nul and the engine were brought to a bomparatively perfect 
I state, and ho was enabled to send his son to study at the 
University of Edinburgh. The onginooring of tlio Stockton and 
Darlington Bailway was assigned him, and it become, in moat 
respects, teo model for gonora.1 railway work. Ho was already 
a partiier in a looomotivo manufactory at Noweastio, and three 
of those were ordered by tlio now Company, whom Parliament 
had empowered to employ steam in tee oonvoyauce of pas¬ 
sengers and goods, in lion of the old harse-troraways. 

The 27te of Sopiomber, 1825, saw tho opening of this, the first 
public railway ; when, at a given signal, the engine started, at 
teo rate of twelve miles an hour, with 450 passengers, and ninety 
tens of coals and merchandise, and reached Darlington, a 
distance of 8 ^ miles, fn 65 minutes. When tho Manchester and 
liivorpool Bailway was before Parliament in the same year, 
Stephenson, in teo face of strong opposition from interested 
antagonists, gave much valuable information respecting the 
practicability and safety of trains drawn by locomotiveB, 
though, as yet, ho hod no idea of a speed that exceeded twenty 
milos an hour; but oven thia' was so greatly doubted, that one 
of the members of the committee remarked, that ‘‘ tee engineer 
who conoeived such ideas was only fit for a lunatic asylum ! ” 
Opposition crushed, and legal sanction given, the railway 
company sot to work, and, with a salary of £ 1,000 ))er annum, 
Stephenson was appointed their engineer, with instructions that 
tee line between Manchester and Liverpool was to be kept os 
straight as possible. In this great nndurtaking, the first novel 
scries of engineering had to be undergone—viaducts were to be 
built, hiUs tennellcd, embankmonts formed from tee dibris of 
cuttings, and the four milos of dreary bog known os Chat Moss 
oonvort^ in a hard and firm way ere tho line was completed; 
and £500 was offered for tee best locomotive teat could be 
brought forward for oompetition in running by a certain day. 
•Stephenson detenmned to compete; and on the Sth of October, 
1829, three engines were brought forward ; tho ‘‘Kooket”by 
him, and two others by Hackmrth and Messrs. Braithwaito 
and Brioson. The to^t a.sB)gned was to run a distance of teirty 
milos, at not loss tnon ten miles per hour, along a two-milo 
level near Boinhill, with a load thrice the weight of the engine. 
One looomotivo was disabled by teo failure of tee boilcr-platOT; 
another attained fifteen mUos an hour, but failed to accomplish 
tho distance ; and teo “Eoekot” alone stood tho test and won 
tho prize, attaining a maximum speed of twenty-nine mUes an 
hour. This day was somewhat of an epoch in engineering, as 
ooko was burned instead of coal, and the coke and water verc 
carried in a tender attached to the engine. 

On September 15,1830, the line was opened, and a train of 
eight locomotiveB and twenty-eight carriages, with 600 passen¬ 
gers, started amid tee applause of thousands, who assembled from 
all quarters; but tee day was not without a disaster. When at 
Farkfield, the train halted to replenish the water-tanks, and there 
Mr. Hnslrisson, M.P., was killed. Next day 130 passengers left 
Liverpool for Manchester, and by teo olose of the week six 
trains were running daily on the line, and the speed was soon 
increased to thirty-one miles in loss than an hour. No less than 
thirty stage coaches were thrown out of employment, and their 
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500 paasongeni were inoreaeed to 1,600. This^line now forms ] 
* part of the Tast system known as the London and North* 
Western Bailway. 

Stephenson now oocnpied a high position indeed in the world 
of Boienoe. His skill was aokuowledged; hie peraevetanco 
rewarded. In 1837 ho removed to Tapton HoU, near Chester¬ 
field, and leaving his son Bobert to perfect yet farther the 
powers of the l^womotive, when abont sixty years of age ho 
began to think of retiring from active professional life. But 
his oaroor of naefulnosa was not yet over. He had to visit the 
Continent several times, to attend oonsnltations on railways, 
and matters connected therewith; and on one of those ooca- 
aiona, together with his friend Mr. Sopwith, ho had an interview 
with Iieopold, King of the Belgians. Ho always figured promi¬ 
nently at the opening of railways, and at the festival of the 
Trent Valley lino, he was compared by Sir Bobert Peel to 
Jnlios Agrioola, the maker of the Boman roads in Britain. 

“ When I look back to the time when Ifirtt projected a loco¬ 
motive in this neighbourhood,” said he, in reply to Sir Bobort's 
enlogium, *‘ I cannot but feel astonish^ at the opinions which 
then prevailed. Even by the most celebrated engineers wo 
were told that it would be impossible ever to establish rail¬ 
ways. Judge, then, how proud must be the feehngs of one 
who, foreseeing the result of railways, has risen from the lower 
ranks on their snooess I ” 

The High Level Bridge across the l^e at Newcastle, the 
Conway and Britamiia tubular bridges in North Wales, and the 
mighty tabular bridge, nearly two miles long, across the St. 
Lawrence, at Montreal, arc luting monnments of the vastness 
of his son’s genius. Skilfnl subordinates assisted him, and it is 
bnt fair to admit that to the Scotchman, Sir William Fairbaim, 
of Manchester, is generally imputed the first idea of tubular 
bridge bnilding. In 1844 Bobert Stephenson was returned to 
Parliament as member for Whitby. Four years after this, 
his father died on the 12th of August, 1848, in his sixty- 
seventh year. , 

The close of his days was oharacteristio of the simplicity of 
his early Ufo, for George Stephenson occupied himself with 
birds and dogs, and other domostic pets, and in rearing flowers 
and vegetables in his garden, which he worked with his own 
hands. 

He was fond of visiting the sednes of his youth, among the 
smoky and grimy collieries of Newcastle; going to the places 
where of old ho had worked as his father’s assistant at the 
furnaces, and whom he had seen toiling, shovel in hand, 
clothed in worn woollen rags, and little foreseeing the future 
of his son or grandson ” as ho wiped the perspiration from his 
brow with a bunch of coarse tow.” 

It was remarked of Gtoorgo Stephenson, that though frequently 
invited to the houses of the great and wealthy, he never forgot 
his own humble origin, nor shrunk from recognising, or if 
possible befriending, an old fellow-workman. He gave advice 
oheerfnlly to all who required it of him in their career as 
enginoors, but ho had a peculiar aversion for all such as appeared 
to him overdressed, or indulging in airs or vanity. 

“ I hope you wUl excuse mo, young man,” said he one day to 
an applicant of this kind; ” I am a very plain-spoken person, 
and I am sorty to see a nice-looking, and rather olever young 
man like you disfigured by that fine, but ^surd waistcoat, and 
■11 those chains and fang-dangs. If I hod noubled myself with 
such things when at your age, I should not have been where 1 
am now.” 

Such was the chequered bnt brilliant career of Oeorgre 
Stephenson. 

Hie son survived him only eleven years. Ho died in 18.59, in 
his fifty-sixth year, and was honoured with a public funeral and 
a grave in Westminstor Abbey. 

The life of George Stephenson is such as to afford encourage¬ 
ment to any man who seeks to get on in life, provided that 
he is possessed of snfilaient earnestness of purpose and per¬ 
severance to proceed stmdily towards thb goal that ho has in 
view. Rlial love, economy, sobriety, and fixity of purpose 
vrere the oardinnl points of the compass by which George 
Stephensem steered his course through life. To act as he ^d 
in &e various rolattons and duttes of life is within the power 
of all, and althongh the result obtained may not be so grreat, 
wo may be sure thot it will prove a rich rovrord for the ^orts 
made to attain it. 


PRACTICAL GEOMETRY APPLIED TO 
LINEAR DRAWING.—VL 


To construct a semi^lliptieal arch, cf which A. via the apan, 
and c D the height (Fig. 56). 



Divide c A and c n into atay number of equal parts. 

Divide A K and b f into a corresponding number of equal parts. 

Number tbo ports as in the figure. 

Produce d c, and make c o equal to c d. 

From s draw linos to the points 1, 2, 3, 4, 5, in the linea 
B A and F B. 

From a draw lines through the points 1, 2, etc., in the line 
AB, and produoo these lines until they ent those of corre¬ 
sponding numbers dfawn from D to the imints in the linea B A 
and F B. 

Thus—o 1 win out D 1 in a. 
a 2 „ V 2 in b. 

G 3 „ I) 3 in e. 

o 4 „ n 4 in d. 

o 5 „ p 5 in e. 

The curve is to be drawn tbrongh these interseotions. 

Strictly speaking, no portion of on ellipse is a port of a 
eirole, and the curve cannot therefore be drawn with compasses 
so as to be mathematioally oorrect; bnt there are many ways 
in which figures nearly approximating to ellipses may bo drawn 
by arcs of circles; and among these the following is given 

To construct an elliptical figure by meama qf two square*, 
ABDC, BDEF (Fig. 57). 



Draw diagonals in each of the squares, intersecting- each otbss 
in o and B. 

From B, with radius b c, describe the are c b. 

From D, with the same radina, describe the arc A r. 

From a, with radins G c, describe the arc OA. 

From B, with the same radins, describe the are B F, which 
will complete the figure. 

TBB BPIBAL. 

, The spiral is a curve, which makes one or more revolutions 
ronnd a fixed point, but does not return to itself. 

To construct a spiral of one revolution (Fig. 68).’ 

Describe is circle, using the widest limit of the spiral aa a 
radina, aa A xn. 

Divide the cdrole into any number of equal qiorta, as i to 
xn, and draw radii. 

Di^de one of these radii, as A xii, into a oorrcBponding 
number of .equal ports, as 1 to 12. 
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Prom the oentre, '«dth ladios a. I. describe on arc catting the 
ndius I in B. Frw the oentre, continae to describe arcs from 
points 2, 3, etc., catting the corresponding radii ii, in, etc., in 
the pants o, d, X, r, o, H, i, j, k, l. 

Prom XU trace a corre passing through all these points, 
which will be an Archimedes’ spiral of one revolution 



■w 


It will interest oar students to learn that Archimedes, the 
most oelebrated of ancient mathematicians, was bom at Syra- 
oase, B.c. 287. He cultivated particularly the branches of 
science relating to the areas of carves and sections of curved 
BurfaooB. He proved that the area of a citole is equal to half 
the rectangle contained by its oiroumferenoe and radius, and 
showed how to approximate, as near as may be required, to the 
quadrature of a circle. The spiral was invented by Conon, but 
its properties having boon demonstrated by Archimedes, it is in 
honour of him called by his name. 

To desorU/e a spiral oj wMj number of revolutions —^in this 
case three (Pig. 59). 


ai 



Divide thst circle into any number of equal parts, as i to 
Zli, and draw radii. 

Divide one of the radu, as a xii, into a number of equal 
parts, a' b' c', corresponing with the required number of 
revdlutioaB. 

Divide each of those into the same number of equal parts as 
there are radii—^vis., 1 to 12. 


It will bo evident that the figure consists of three separate 
spirals—one from xii to o', another from o' to b', and another 
from b' to a'. 

Commence, a.<i in the former spiral of one revolution (Pig. 
58), by drawing arcs from the points 1, 2, 3, etc., to the 
correspondingly numbered radii, thus obtaining the points 
marked with the largest capitals; and the first revolution 
having been brought up to proceed in the same manner 
to draw arcs from the imints 1, 2, 3, etc., contained between 
B and c, cutting the corresponding radii “in the points marked 
with the italic capitals, and draw the curve tlirough these 
points, thus reaching b'. 

. Proceed in the some manner to draw arcs from the points 
between b' and A', thus obtaining the points marked with the 
smallesi capitals, and the spiral may thou bo brought up to the 
centre. 

To describe a spiral adapted, for the volute of an Ionic column, 
by means of quadrants (Fig. CO). 

Divide the given height into eight equal ports. 

From 3 and 4, draw lines at right angles to A b. 

llotwcen these two lines describe a circle (the eye of the 



volute), the centre being at a distance from A b equal to four of 
the divisions. Inscribe a square in this circle. Bisect the sides 
of this square, join the bisecting points, and thus a smaller 
square will be inscribed in it. 

Divide each of the semi-diagonals into three equal parts, join 
those points, and two more squares will bo formed within the 
former one. 

The quadrants aig drawn in rotation from the angles of cath 
square, commencing at 1 with radius 1 r. 

The next is drawn from 2 with radius 2 D. 

The next „ 3 „ 3 e. 

The next „ 4 >,4 x. 

The process is then continued from the inner squares. 

THE INVOtUTK (Fig. 61). 

If a perfectly flexible line is supposed to bo wound round any 
curve, so 08 to coincide with it, and kept stretched os it is 
gradually unwound, the end of, or any point in the lino will 
describe or trace another curve, called the involute of the curve 
—being in reality the opening out, or unrolling, of the periphery 
of the first curved surface. 

Thus, if a circular piece of wood were fastened on a board, 
and a string equal to the circumference fastened by one end to 
it and roU^ round it, a pencil placed in a loop in the end of 
the string would, as the string is gradually unrolled, trace the 
involute. 

The circle (or other original curve) is colled the evolute. 
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To cmistrucJ^iu' in^volute of the drele A (Fig. Cl). 

Divide the circle in^ any number of equal porta (1 to 12), 
and draw radii. , 

Draw lineo (tnngento) at right angles to these radii. 

On the tangent to radius ^o, 1, set off a space equal to one 
of the parts into which the oirolo is divided i and on each of 
the tangents set off the numlier of parts oorreqjonding to the 
number of the radius. Tangent No. 12 will then be the oiroom- 


12 



ferenoo of the circle unrolled, and the curve drawn through tlio 
oxtromitioB of the other tangents will bo the involute. 

THE CYCLOID (Fig. 62). 

If a mark wore to be made with chalk on the iron tire of a 
wheel at the exact spot whore it touches the ground, the white 
mark, as the wheel rolls along a level road, would be observed 
to move in a peonlinr form, which is oallod tho “ cycloid ” curve; 
whilst the centre of the nave of tho wheel (i), although moving 
onward, would travel in a horizontal line, that is, it would keep 
exactly the same distance from tho ground, however far the 



'When tho wheel is at n, its centre is at i, and the point a is 
at a 1. 

When iho wheel has moved to c, the centre will be at ii, and 
the point A will bo at A 2. 

■V^en tho wheel has moved on to n, the centre will bo at rri, 
and the point a will he at a 3. 

'When the wheel has moved on to e, tho centre will be at iv, 
and the point A will bo directly over it, viz., at a 4. 

When tho wheel has moved on to f, tho centre will bo at v, 
and tho point A will be at A 5. 

When the wheel has moved to a, the centre will bo at vi, and 
the pomi A will be at a C. 

'V^en the wheel lias moved on to H, the oontre will bo at vii, 
and the point A will bo at A 7. 

It will thns be olearly seen that tho wheel in moving from 
A1 to A 7 has passed completely through oiie revolution, and 
therefore that '^e length of the line A 1, A 7 is equal to the 
biroomfetenoe df the cirole laid out on a straight line. 

The straight hne on which the wheel roUa is called tho direeior. 
The wheel is colled tho generating eirele, and the point a is 
osUed the gsnerafor. \ 


VEGETABLE COMMERCIAL PRODTJCTS.-XII. 

(6) TOLATILa OB WjjTO TtAL 

These oils oooar ^ '^ms, iMVes, flowers* and fmits of i 

most sweet-scented plants, whence they are obtained by dist^- 
tion. In this respect they differ from the oils already described, j 
which ore found only in the seed, obtained by expression from 
the same, and do not evaporate; honoe tho latter have been 
called fixed oils. The difference between fixed and volatile oils 
is easily shown. A drop of any fixed oS—such as olive oil, fori 
instance—^leaves a stain on paper which is permanent; but 4 
drop of any volatile or essential oil—as, for example, oil of bei^; 
mot—makes a similar stain, whioh evaporates and disappears. 

To obtain essential oils, the leaves, flowers, or other parts of 
tho plant ore put into an apparatus for distillation. This always 
oonsists of a boiler in which the vapour is raised, and a oon- 
densor in whioh it again becomes fluid. For distillation on a 
small scale, a common retort and receiver answer every purpose, 
care being taken to keep the receiver cool, by placing it in oold 
water. 'When tho water boils, the steam posses throngh tho 
retort into the condenser, where it is re-oonvertod into water, 
the essential oil floating on its surface; this is skimmed off, and 
afterwards purified by filtering. But tho perfume of most flowers 
depends on tho presence of a fragrant volatile or essential oil, 
neculiar to the plant. When, therefore, wo obtoin this oil, wo 
really got tho cssonco of tho plant, or tho ossontial principle' 
whioh makes it valuable; and although tho plant may be an 
annual, and perish, together with its fragrance, in a few weoks 
or muntlis, yet, if wo extract the oil, wo can retain tho essence 
of tho plant as long as wo please. Tho following are tho most 
important of tho essential oils whioh occur in commeroo:— 

Oil of Lavendeb, from Lavandula spieala, L.; natural order, 
Laliatm. —Largo quantities are raised at Mitoham, in Snrroy; 
but it is also imported from Franco and Germany. 

Qil of Thyme, from Thymus vulgaris, L.; natural order, 
LcMatee. —This oil is distilled from all parts of tho plant. It 
comes into this country from Hamburg and from the United 
iltatcB. It is nsod in scenting Windsor soap. 

OtLHF-FEi’PEUMiia:. from Monihajnperita, L.; natural order, 
Lamatas. —B^des that raised and manufactured at home, we 
receive large quantities from Germany and the United States. 

Oil of Anise, from Pknpinella anisum, L.; natural order, 
TJmheUifiir'm. —^Tliis plant is a native of tho Levant, whence a 
groat deal of tho anise of commerce is derived. It is also muoh 
cultivated in France, Naples, and Germany—^partioulnrly in 
Thuringia and Swabia. IVo receive considerable importations 
from Germany and tho East Indies; hut those sorts coming 
from Spain, Apulia, and Malta, are considered in conunoroe to 
be the moat valuable. 

Oil of Caraway, from Carwm carat, L. ; natural order, 
UmSelUferm. —^Tho best caraway oil comes from Malta, Naples, 
and Alicante in Spain. Small qnautitios are received fifom 
Germany. Much more, however, is homo-manufactored and 
exported. 

Cinnamon, clove, cassia, and pimento yield essential oils, to 
{ whioh reference has already been mode in treating ,.of tbosu 
[ species; oil of bergamot, oil of lemons, and Neroli oil, or oil of 
I orange flowers, have also been mentioned in oonneotion .with 
those fruits. ^ ’ 

Qjb< of Boses, Attar of Boses, or jDttq. of .Bqms, is 
distilled from the poi^s of Rosa eentifolia, L., J^sa gallica, L., . 
and numerous other species of rose. Tho attar of roses is pre- I 
pared in Persia and other Asiatic countries; but. with alf the 
aids of science, the process still remains unknown to Europeans. 
Some idea of its coyness may be gathered from the fact that ; 
100,000 roses must be distilled to yield 180 grains, or three . 
drachms of pure attar. Five guineas have often been pai4 fo* \ 
one ounce of this essence. It is the favourite perfume 6f tfio > 
civilised world, and in tho East is a moat essential luxury. _ In I 
Coshmero the harvest of rose leaves is celebrated as the festival S 
tho joan;. Its desoription is well known in the ozqnisite poetry 
Moore. 

m. TIHpTOBIAIi PLAHXS, OH FJ*ANT8 FObA&HIHO 
TALDABLE DYE^. 

The clothing which is furnished by the textile plants and the 
sheep’s wool woedd bo of one dull nnifonn hue, if it wore not 
for the .valuable dyes furnished by the tinotorial plants. At 
first the oolonsa of ^aate, when transfened to dotiuHgi imputed 
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only a temporary beauty; for the art of fixing them, or uniting I 
th^ permanently with the doth, by means of mordants, was j 
unknown; but by experiments long and carefully conducted, 
Katnr^ has been interrogated saeoesefally, and wo are now able 
to render those colours fast, or permanent, thus enriching our 
silken, woollen, linen, and cotton manufootores with an almost 
ondlesa Torioty of beautifully>00100X65 designs. It is impossible 
to mentiou eren the names of the numerous plants which furnish 
materials for the dyer. Only a few, and those the most common 
in the commercial world, can be noticed. All the parts of 
Iplants furnish these dyes; sometimes it is the root, or the wood 
^ the stem; sometimes the leaves, flower, or fruit. 

Aikanbt Boot (Anehusa. iinctoria, L.; natural order, Poro> 
girill&a).'^!^^:3rperennial herbaceous plant, with rough, oblong, 
lanceolate loaves, a stem about a foot in height, purplish flowers, 
and a long woody root, with a deep red bark. It is a native of 
the Levant, and is much cultivated in Germany and the south 
of France, particularly about Montpellier, for the sake of the 
jrsd colouring matter contained in the bark of the root, easily 
obtained by soaking the root in alcohol or oil. It is used for 
colouring ointments red, especially lip-salves; it is also employed 
as a dye, to colour gun-stocks and furniture in imitation of 
rosewood. Alkanct root oomes to tlus country in packages, 
weighing about two cwt. each, chiefly from Germany and Prance. 
About eight to ten tons aro annually imimrtod. • 

SuaiACH (IWiMS Coi-iaria, L.; natural order, Anaeardiaeem). 
—TEe sumach of oommoroe is the crushed or ground loaves of 
this plant, imported from Sicily. This material is valuable for 
' tanning light-coloured leather, and impsfts a boantiful bright- 
culonred yellow dye to cottons, which is rendered permanent by 
proper mordants. In 1868 13,251 tons of sumaoh were im¬ 
ported into tlie United Kingdom. 

ASSi’XS’o (Biros Orellana, L.; natural order, Flacourtia^-eai). 
—^This is a small evergreen tree, indigenous to tropical America, 
and now cultivated in the East Indies. It is called Roncon by 
the French, and the Orleans tree by the Gormans. The first 
South American settlers noticed the brilliant and showy colour 
obtained from its berries, on the bodies of the Indians, by 
whom it is called hixa or hija, and not only used it themselves, 
but speedily converted it into an artiolo of oommerco. The 
amotto tree grows about twelve feet in height; its loaves are 
smooth and heart-shaped, and itS* pink-coloured flowers arc 
followed by oblong bristled pods, somewhat resombling those of 
the chestnut, at first rose-eoloured, but changing as they ripen 
to dark-brown. On bursting open, those pods show in tlioir 
interior a splendid crimson farina or pulp, in which are oontainod 
ton or twelve seeds, in colour somewhat resembling coral beads. 
The amotio of commerce is prepared from this crimson pulp. 
By maceration in hot water the seeds are separated from the 
p^p, which is then made into balls or cakes of two or three 
pounds’ weight; these, when dry, arc wrapped up in large leaves, 
and packed in casks for exportation. Another kind—^the roll 
amotto—is of a much superior quality. It is a hard extract, 
and oontuns a much greater proportion of colouring matter. 

. Good amotto is of the oolour of liro, bright within, soft to 
[tiie toudh, and dissolves entirely in water. It is used in Holland 
‘for colouring butter, and in Cheshire and Gloucestershire for 
' djuihg chbese (under the namegif ohoese-colouring), to which it 
gms the required tinge, without imparting any nnpleasant 
flavour or unwholesome quality. Flag or cake amotto oomes 
from tte West Indies, especially from the island ®f St. Domingo 
or Hayti. Boll amotto is principally brought from the Brazils. 
Hie rolls ore small, not exceeding two or throe ounces in weight, 
t Amotto is also used to dyo silks and cottons, especially to form 
' the colour called aurora. It is mnoh to be regretted that tbo 
: beautiful orange and gold-oolourod dyes yielded by this plant 
j; ara'fugitive, and become disooloured in the sun. The bark of 
I the amotto tree makes good ropes, available in the West Indies | 
^ for common plantation usee. The imports of roll and flag j 
amotto into the Unitsd Kingdom in 1863 were as follows:— 
BoD, 761 cwt., value ^2,858; Flag, 2,607 owt., value JIO,!^,. 

JlXBOBAjUM (Terminalia cheMa, L.; natural order, Com- 
brstaeew).—^Tbls dye is obtained from a small tree indigenoua to 
British Ld^, and olosely allied to the myrtle. All the species 
iof Tsminalia have astringent properties. The fruit and gaUs 
I of this tree are very astringent; and mnoh valued both ^ ^ets 
’tmd tanners. The fruit is about the size of a date, pointed at 
the ende, and of a yellowiah brown. The myxobelana of oinB> 


morco ai-o probably derived from more than one species. With i 
alum they give a durable yellow oolour. MyrobalanB are now ! 
on important item in onr commerce with India. We receive 
them from Colcntta and Bombay. The average annual imports 
oro about 1,200 tons. 

SAVFUpWGii (Carthamua Hneteriiu, L.; natural order. Com- 
posifcB).—This plant famishes » beautiful rose oolour, which isl 
used for silks, cottons, and the maamfOoture of rongo. Safflowts^' 
is on annual herbaoeons plant, somewhat resombling a thistle, 
to which it is allied. !nio leaves are ovata-lonocolato, somewhat 
spinons, alternate, sessile; flowers yellow. 

The safibwor is a native of the Levant, and is cultivated in 
China, India, and in the south of Europe. The dye is obtained ■ 
from the florets. These are gathered, pipaaed into little cakes, 
dried, and then packed in strong baloa, weighing about 2 cwt. 
each. As found in oonunerce, .these cakes consist of flaky 
masses of a red oolour, intermixed with yellow filaments, tho 
former tint being due to tho corolla, and the latter to the stamens. 
The flowers thus contain two colouring principles, one yellow, 
soluble in water, and the other roso-red, called carthamine, or 
caribamic acid, soluble in alkalino solutions; this latter, when 
precipitated from its solution, dried, and mixed with finely pow- ' 
dored talc, constitutes rouge. It is tho eaxthamio acid which 
renders the safflower v^uable as a dye. Tho greater portion of 
tho safflower imported into England comes from Persia, Egypt, 
and the East lu^os. The imports in 1851 wore nearly 600 tons. 

lMQy(QSj}i(H<Bmatoxyl(ni, Campeachianv,m,L.; natural order, 
Leguminosm). —A middle-sized tree with a contorted trunk, 
rarely more than one foot and a half in diameter, covered with 
ash-coloured bark; branches crooked, beset with eharj) thorns; 
leaves pinnate or somewhat bi-pinnate, with sub-cordate leaflets ; 
flowers yellow, in terminal racemes. 

Tliis tree, indigenous to Central America, Mexico, and Com- 
pcachy, has boon introduced into tbo West Indies, and is now 
naturalised there. Tho heart-wood is tlio part of tbo tree cm> 
iduyed ; the geuoric name refers to its blood-red colour. Log¬ 
wood is of very frequent use in tbo arts, ns it forma tho basis of 
many of tho redq in printing oolicoos, and is esteemed one of, 
tho best deep-red dyes. Is is imported in logs, which are cut 
up into oliips and ground to iiowdor, for the use of dyers, 
hatters, and printers, in powerful mills constructed for timt 
purpose. Logwood, when boiled, communicates its own dark- 
red oolour to the water, and tho addition of n few drops of acetic 
acid changes tho colour to a bright red. Bed ink is made in 
this way, a little alum boing added to render tho oolour per- 
nianeut. If, instead of an acid, an alkali—such ns soda or 
potash—be added, tho colonr changes to a dark blue or purple, 
and with a little management every shade of these oulonrs may 
bo obtained. Logwood is so hard aJid heavy as to sink in 
water. It is used chiofly for dyeing red, blno, and black. Wo 
import every year about 40,000 tons from South America, 
whence a great deal also goes to Spain, Franco, and Germany. 
The principal ports for the rooeption of logwood aro London, 
Cadiz, Bordeaux, and Hamburg. 

(^Rubia Iinctoria, L.; natural order, Rulnaeea?).— A 
smoOi, hwhaoeouB, perennial creeping plant; stems slender, 
quudrangnlox; leaves four in a vAorl; flowers small; fruit 
yellow ; berry double, one being abortive. 

Madder is cultivated in France, Sonthom Europe, and tho 
Levant, where it is indigenous, for the sako of tho valuable red 
dye furnished l)y the toot. The roots ore dug up when tho 
plant is about throe years old, oarofully dried, and ])aaked into 
bags or bales for exportation. As found in commeree, madder- 
root is in long t^lindrioal pieces, about tho thickness of a quill, 
and of a deep red or brown colour. If ground before oxporta- 
ti(m, the powder is sent in very large eo-sks. Wo got madder 
roots whole from India, Turkey, Greece, Spain, and iVanoe; and 
ground from Holland and Germany. Powdered madder toot is; 
a bright Turkey red, but, by tho addition of suitable chemicals, 
every sliade of red, purplish-brown, purple, lilac, and oven a 
hvely rose colonr can bo obtained from it. Madder root im¬ 
parts its red colour to water and alcohol. It is used as a basis 
for red dyes, as it affords A tint whish, when properly fiied by 
appropriate mordants, is not affected by light or moisture. 
Scarcely a calico or mnslin print is made witbont the aid of 
madder root, in some way or other, for forming the pattern. 

The imports of madder root into the United Kingdom in 1863 
were 177,336 owb; of madder, 128,242 wwt. 
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PRINCIPLES OP DESIGN.—X. 

▲BI FUBKITUBB (amtin'oed). 

By CsKtRoriun Dubub, Ph.l>., F.luS., ate. 

Ill my last 'ohapter I gave, in an oziomatio form, those principles 
whieh shonld giiide us in the oonstmotion of works of furniture, 
and there endeaTonted to impress the necessity of using wood 
in that manner which is mort natural—that is, “ working " it 
with the grain (the manner in which we can most easily work 
it), and in that way which shall secure the greatest amoimt of 
siMngtib with the least erpenditnre of material. I again inrite 
my readers to consider these matters, for they lie at the very 
ro^ol the sucoessful construction of furniture. If the legs of 
chaira, or their seat-frames, or the ends or badu of conches, 
are framed of wood out across the grain, tiiey must either be 
thick and clumsy, or weak $ but, besides tins, the rightly con- 
stituted mind can only receive pleasure from the contemplation 
of works which are wisely formed. Daily contact with ill-shaped 


lake’s work on " Household Furniture $" as shown in our iUus- 
tration, it is a correctly formed work. Fig. 22 is an arm-chair 
in the Greek Style, which I have designed. Fig. 26 is a lady’s 
chair in the Qo^o style. Fig. 25, a lady's chair in early Qie^;. 
These I have prepared to show dlHerent modes of structure; if 
the legs are fitM to a friune (the seat-frame), as in the ear^ 
Greek chair just alluded to, they shonld be very short, as in this 
instance, or they must be connected by a frame below Gia seat, 
as in Fig. 27. The best general straotnro is that in which 
the front legs pass to the level of the npper surface of the 
seat. 

Fig. 27 is a copy of a chair shown by Mesurs. GUlow and 
Co., of Oxford Street, in the last Faria International Ezhilntion. 
In many respects it is admirably constructed. The skeleton 
brackets holding the back to the seat are a very desirable ad¬ 
junct to light chairs; so are the brackets connecting the legs 
with the seat-frame, which strengthen the entire chair. The 
! manner in which the upper rail of the back passes through tha 



objects may have more or leas deadened our senses, so that we 
ore not so readily offended by deformity and error as we might 
be; yet, happily for us, directly we ee^ to separate truth from 
error, t^ bwotifui from Ibe deformed, reason assists the judg¬ 
ment, and we soon learn to feel when we are in the presence of 
the beautiful or in contact with the degraded. 

My illnatratione, given some in this ohapter and some in the 
last, in page 813, will show how I think chairs should be con- 
etructed. Mg. 19 is essentially bad, although it has traditional 
sanction, hence I pass it over without fnr&er comment. Fig. 
23 is in the manner of on Egyptian chair. It servos to show 
the catefnl way in which the Egyptians constructed their 
works. ITie curved rails against wU^ the back would rest are 
the only ports which are not thoroughly correct and satisfac¬ 
tory in a wood structure. Were tiia curved back members 
metal, the curvature would be desiiablB and legitimate. The 
back of this chair has immense strength (Gie backs of some 
of ow chairs are of the veiy weakest), and as a whole it is a 
seat which would, if well made, endure for centuries. Fg. 20 
is a chair of my own designing, in which I have sought to pve 
strength to the hack by conneotiag its upper portion with a 
strong CMMs-mil of the frame. 

^ Mg. 31 is a chair slightly altered from (me in Mr. East- 


side uprights and is "pinned” is good. The chief, and only 
important, fault in this chair ie the bonding of the back legs,, 
involving their being out gainst the grain of the wood. 

Fig. 28 is a choir from Mr. Talbert’s very excellent work os 
“ Gotbio Furniture.” It ehowa^an admirable method of sup¬ 
porting the back. Mg. 24 I have designed as a high-backed 
lounging ohsir. With the view of giving etrongth to the book,! 
I have extended the seat, and arranged a support from this 
extension to the upper baok-iail, and tibia extension at the seat 
I have supported by a fifth leg. There is no reason whatever 
why a chair should have four legs. If three would be better, 
or five, or any other number, let ua use what would be best In 
my drawing, the stuffing of the back has been aooidratally 
shown somewhat' too rounded. This does not in any waif in¬ 
terfere, however, witih what I have in view—viz., the iUustration 
of » particular structure or formation of chair. 

1 have now given several Ulustrationa of modes of forming 
chairs. I ndght have given many more, but it is not my duiy 
to try and e^anst a subject, ''^at I have to do Ja aimp^ 
to point out principles, and oaB attention to facts. It is the 
tea^ who must think for himself—^first, of the principles and 
facts which I adduce; secondly, of the illustrationa whi^ I give; 
thirdly, of other works which he may meet with 2 and fourthly, Of 
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{nttber means of prodnoinff deniable and Batiefaetory reenlte 
than those set fortii in uy niustrations. 

As it cannot be donbted that a weltoonstruoted work, how* 
ever phun or dmple it may be, gires satisfaotion to those who 
l^hold it*—while a work of the most elaborate oharacter faila to 
satisfy if badly oonstmoted—we shall gire a few further illos* 
tiatiouB of s^ctnre for other articles of furniture besides 
chairs, which have become neoesaaty to oar mode of life. 


lateral pressure, but would not bear quite the same amount of 
pressure from above. latter, however, could bear more 
weight than would ever be required of it, and would be the 
more durable piece of fumitnre. 

Fig. 31 gives a legitimato formation for a settee; the cutting- 
ont, or hollowing, of the sides of the legs is not oanied to an 
extreme, but leaves a sufficiency of strong wood with an upright 
gnun to resist all the pressure that would be placed on the 



Fig. S9 is one of my sketches for Greek fumitnie, designed for 
Moor Hall. It was formed of black wood. Here the frame of 
the seat is first formed, and the legs are inserted beneath it, 
and let ipto it, wUle the wood-work of the end of the couch 
stands upon it, being inserted into it. This appears to have 
been the general method with the Greeks of forming their fur¬ 
niture, yet it is not so oorreot structurally as Fig. 30, another of 
my sketches, where the end and the log are formed of one piece 
of wood. The first formation (that of Fig. 29) would bear any 
amount of pressure from above, but it is not well calculated for 
xensting lateral pleasure; while the latter would resist this 


seat, and the lower and upper thickened portions of &e legs 
act 08 the bradeets beneath the seat in 1%. 23. lliis illua* 
tration is also from Mr. Talbert’s work. Fig. 32 is a table 
slightly altered (stmoturolly improved, I think) from one in 
Mr. Eastlske’s work. 1 see no objection to the legs leaning 
inwards at the top; indeed, we have here a piotoresque and 
useful table of legitimate formation. Fig. 33 is the end eleva¬ 
tion of a sideboard from Mr. Talbert’s work.. Mark the sim- 
plid^ of the stmoture. The leading or stmctaial lines are 
straight and obvious. Althou^ Mr. Talbert is not always 
right, yet his book is weU worthy of the most careful con- 
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■id«tation and atody; and this I can truly eay, tliat it cotnparoa 
litTOiirably with all other worke on fnrmtura with whioh I am 
aoqnainted. 

ilie general want whioh wo peroeiro in modem fnmitare ia 
Bunplioity of atmotore and tmthfalneas of oonatraotion. If 
peraona would but think out the ooeiest mode of oosatmoting a 
work before they oommenoe to doaign it, and would be content 
with thia aimplioity of atruoture, wo ehould hare very different 
furniture from what we have. Think first of what ia wanted, 
then of the material at oommand. 


NOTABLE INVENTIONS AND INVENTORS. 

IX—70TTSBT ABB rOBCEBAIK (continiMd). 

BT JORK TXVBB. 

Wb now come to poroelain, first produoed in China, Japan, 
nnd Moxioo. BottleB of Chinese manufaoture have been found 
in the tombs of Thebes; one of them insoribed with the date 
between 1575 b.d. and 1289 b.c. Poroelain was oommon in 
the Chinese Empire 163 n.c., and in its greatest perfection 
1000 A.D. The poroelain tower near Nankin was erected in 1400. 
This “ vitreous, preoious stone pagoda” was first built about 
A.D. 200, and rebuilt a,d. 1400, when it ooonpied nineteen years 
in conslmotion, and cost AGOO,000. It was of nine storeys, 
though commonly reported ihirt^, as it was intended to be of 
this number. Its height was 281 feet, and diameter at the base 
96 feet 10 inohes. There wore in it ISO belts, and 140 lamps. 
In 1856, Tien Wang, one of the rebel ohiefs, wantonly blow np 
tho pagoda with gunpowder, some eay to spite another Wang; 
others, beoanso he doolared it to bo too old! The fragments 
of this remarkable edifice were left on tho spot, to bo carried 
away by the curious and dishonest:— 

” So mnoh for moniuneuts that liave forgotten 
Their very record.''—Byron. 

hlaroo Polo desoribos tho manufactnro in China during the 
thirteenth ooutury. When spocimons found their way to 
Eorope, the Fortuguoso were so struck with the roaomblonco 
between the texturo of this fine ware, and that of the cowry* 
shells, or porcellana, as they were oidled, that they imagined 
the ware might - bo made of such shells, or of a composition 
resembling them, and named it accordingly. Th^ imported 
numerous and splendid collections into Europo, where it was 
colled ” china *' from the country which produced it. The Dutch 
next established a traffio with India and Japan, and Europe was 
long supplied with porcelain through Holland. Tho English 
next shared in the trade, through the East India Company. In 
Queen Anne's reign china collections became a passion. Fokion 
now produced the pure white porcelain of China; Nankin 
the blue and white and pale buff poroelBin; and King-to-ohing 
the old sea-green and crackle poroelain. Tho ancient crackle 
is so much esteemed in Japan that JB300 has been paid for 
a single specimen. The Chinese pall this ware snake porce¬ 
lain. The egg-shell porcelain is mnch prized in China; it is 
coloured oitron-yoUow for the oxolusivo use of '&e Eqtperor, and 
mby for the nse of the Imperial family. An inferior porcelain, 
known U Indian china, is made at Canton. Chinese poroelain 
is of beoutifnl material and dolicate texture, brilliant colour, and 
pure glose; but the forms and design aro so hideous, that it 
bos said the vase of tho humblest Greek potter of the best 
period has on sesthetio value for surpassing the most costly 
prodnetions of the Celestial Empire. (“EnoyclopicdiaBritannioa,” 
eighth edition.) 

^nie first snooessful imitation of Chinese porcelain produced 
in Europe was by BDUoher, on apothecary’s assistant, at 
Berlin; but he was suspootoil of practising the black art, 
and BO SBoapod to Dresden, whore, under tho patronage of tho 
Elector di Saxony, Angnstus II., he made some vessels much 
resembling Oriental poroelain, from a brown clay femnd near 
Meissen, with a reddish rint. To pfoserve his secret, the 
Eleetor sent him to the fortress of Konigstein, on the Elbe, 
where a laboratory was prepared for him. In 1707 he returned 
to Mdsnn. BOttcher hitherto produced only a kind of red 
w hite stoneware, but in 1709 ho snoospded in, produoing a 
wbtts pdKelain, whioh led Augustus to erawlish a mannfaot^ 
at Ifslsien, and to appoint BOttohor tiie director. Ho employed 
the fcsoBse of Ano in thoErzebirge for his porodus, the sw^ 


of which was kept for some time. This kooline powder vm eon. 
voyed in sealed bonols, and all penons in the faotoiy were 
sworn to seoreoy. No 'riiitor was admitted, the oath to the 
weirkmen was renewed every month, and when the King was 
allowed to enter the factory, a similar obligation was imposed 
on him. In each room was set up the motto, in largo letters, 
“Be sooret unto death.” At length, just before the death of 
Bfittoher in 1719, a foreman escap^ from the factory to 
Vienna, where ho submitted to bo bribed, and rival footories 
soon sprung up in different parts of Germany. Among the 
finest Meissen ware aro groups from antigne models, figures is 
lace dresses, flowers studied from Nature, and vases of honey¬ 
comb china. 

The first rival of Meissen was the poroelain faotory of Viensa, 
estabbshed in 1720, but its poroelain holda a lowee rank than 
that of Dresden or Berlin; it is remarkable for its raised and 
gilded work, and reliefs of solid platinum and gold. Next, at 
Huobsi, on tho Nidda, arose a celebrated pottery, the director 
of whioh carried hia reoipes about with him, but of whioh he 
was plundered, and tho secret sold; honoo originated tho porce¬ 
lain factories of Switzerland, of Lower Bhine, and oven of 
Cassel and of Berlin. The Fiirstenbnrg works, in the Duohy of 
Brunswick, originated in a bribe offered by ono of the dukes to 
a HOchst work^n. The ware of the factory of Nymphenborg, 
in Bavaria, is much esteemed, many of the designs being from 
the celebrated piotnre-galleiy of Munich. Tlio porcelain factory 
of Berlin was not very snooeseful until the fraudulent transfe¬ 
rence of the best of tho workpeople and the matiriel of the 
Meissen factory. Tho Berlin poroelain was but on imitation of 
the Dresdon, but it fielded tbe King an annual revenue of 
200,000 crowus. Tho Prinoe-Biahop of Fulda established a 
factory in a house adjoining tbe episcopal palono, but it failed 
through tho dignitaries of tho church claiming the privilege of 
carrying off epocimons witliout paying for them. The porcelain 
factories of Thuringia originated about 1758, when the son of a 
chemist experimented on some sand which he had bought of an 
old woman, and obtained by its moans a poroelain-Iike sub¬ 
stance, which led to tho erection of a fiustory at Sitzorode, sano- 
tioned by tho Frinoo of Schwartzbnrg. Tho abundance ct fuel 
supplied by the forests of Thuringia led to the erection of several 
other factories, all which producod porcelain still prized by 
collectors. A faotory established by the Empress Elizabeth, in 
1756, near St. Petorsburg, still produces good porcelain from 
native materials. Denmark has also a factory at Copenhagen, 
and Zurich one in Switzerland. 

Meanwhile, England hod been striving in tho poroelain monu- 
faotaro. The Bow works, closed in 1762, have been already 
mentioned. Tbe mark is a creseent or how; it is scoroo, but 
never fine. Thia and the Chelsea were soft waros, made from a 
mixture of white clay, white sand from Alum Bay, and pounded 
gloss. The Chelsea works, in an edd mansion by tho Thames 
bank (of whioh we have soon a view upon a fine Chelsea vase) 
did not flonrish until George II. imported workmen, modele, 
and materials from Brunswick and Saxony. Tho best period of 
Chelsea poroelain was between 1750 and 1755, when such was 
the demand for it that dealers flocked to the works, and at tho 
d(K>ra purchased pieces as soon as they were fired. A service 
sent as a ro^l present cost j 81,200. Tlio finest works Were in 
the siyle of the best German; *the colours fine and vivid, and 
tho claret colour peculiar. 

At the Chelsea ovens, the celebrated Dr. Johnson, who had 
ooncoived 'Ute notion that he was possessed of a seoret for 
making porcelain, obtained permission to have hit oompositions 
baked here, where he watched them day by day; ho was not 
allowed to enter the mixing-room, and roughly modelled hia 
compositiou in a room by himself. He failed, for none of the 
articles he formed would bear the heat of firing. Be conceived 
that one simple ingredient was suffioient to form the body of 
poroelain; whereas, tho manager of tho faotory deolared that in 
the composition of tho Chelsea paste no less than sixteen dif¬ 
ferent substances were blended together. The Chelsea wo;^ 
were disoontinaed in 1764, when the monufaetnre was removed 
to Derby, and the 'ware 'was called Chelsea-Derby. It has the 
mark (ff a D, crossed by sn anchor; it is very beantiful, but 
dear as silver. At the Ben^ sals, in 1855, a pair of scalloped 
Chelsea vases, painted with birds, brought AllO 5b. ; at Sir 
John Maodon^’s sals, in 1850, a psir of CShelsea cups si^ 
sanoen brought iBSfi 16s; and in 1870, from the Bulteisl 



TEOHNIOAL DEAWING. 




coUeotion, wero sold on old Chelsoa vaie and cover, and a pair 
of vaacB and cover, painted with medaUious, on podestalB, for 
355 guineas. Nearly oppodto Chelsoa were the Battersea 
enamel works, at York House, where Bavonet and others drew 
for Alderman Jansen, but the factory was soon closed. 

The Derby factory was established in 1750, and became most 
famous by the junction of the Chelsea artists already named. 
Flaxman designed for the establishment. Mr. Marryat desoribea 
the Derby porcelain as being very transparent, of fine quality, 
and diatinguishod by a beautiful bright blue, the ground being 
generally plain; the white biscuit figures arc said to equal 
those of SbTroB. 

The Weroostor works were established in 1751, by Dr. 
Wall and some others. They first imitated blue and white 
Nankin china; they afterwards adopted the S5vres style, with 
the Dresden method of painting. At these works were first need 
the Cornish stone, or kaolins, discovered in 176b. The early 
productions of their proprietors, Messrs. Chamberlain, bring 
great prices. The works are now carried on with renewed 
sncceas by Messrs. Kerr and Binns, who claim for Worcester 
the invention of transfer printing on porcelain, from copper¬ 
plates; the first spocimon, a small mug, brings a very high 
price. The “ blue Worcester" wore is also deservedly in high 
repute. 

Shropshiro has long been famous for its porcelain factories. 
In 1772, at Caughlcy, near liroseloy, was established the fac¬ 
tory, chiefly for blue and white, and blue, white, and gold porce¬ 
lain, known os Salopian ware. At Coalport, earthenware is 
made similar to the Etrurian or Wedgwood ware, of which wo 
have already spoken, and hero aro tho works of Bose and Co., 
famous for their porcelain of rose ground, tho nearest approach 
to rose dc Bairi. 

Tho Sbifrordshiro works oro concluded to bo of Bomnr. 
origin, evident remains of Boman potteries having boon re¬ 
peatedly discovered at a considerable depth below the present 
Bnrfoco. Tho county is unrivalled in amount of production of 
pottery. Tho Minton factory is famous for its imitation of old 
Sbvres and its flower-painting, its ctiormons majolica vases, 
its Persian figuros, and its hard porcelain for chemical pur¬ 
poses ; its crucibles and capsules have stood tho severest tests, 
equal to German ware. Messrs. Copeland, at Stoke, are noted 
for their exquisite busts, manufactured from porcelain earth, 
and copied from tho antique. Thoir flower-painting and gilding 
aro very fine, and they have snppliod 36,000 tiles or slabs for 
tho ceilings of nine lofty and spacious domes in the Imperial 
library at Paris. 

Early in tho present century good porcelain was made at 
Nantgarrow and Swan.«ca; it is also stated that the Bristol china, 
a white ware, formerly common in tho west of England, was 
mode in Wales, and sold in Bristol. At the Bockingham works, 
in 1837, was complotod for William lY. a snperb dessert ser¬ 
vice of 200 piocos of porcelain, painted with 700 subjects; it 
had occupied five years, and oast upwards of 3,000 guineas. 
From the same works we have seen a fao-simile of a small 
Boman jug, dug up at Caistor, in Linuolushiro, of which the 
ground colour was red, with raised ornamentation fern loaves 
of darker rod. 

Prance, though possoBsing •taste, skill, and Aeience, was 
unable to compete with other nations for want of a suitable 
raw material. A canning Jesuit in China forwarded to France 
apcciroens of tho earths nso^ in tho comix>sition of Chinese 
porcelain, by which Beaumur, the celebrated cliemist, dis¬ 
covered the true nature of porcelain to bo a semi-vitrified com¬ 
pound, in which one portion becomes infusible at the greatest 
heat to which it can bo exposed; while the other portion vitrifies 
at that heat, and enveloping the infusible part, produces that 
emooth, compact, and shining texture, as well as transparency, 
which are 'distinotivo of true iiorcolain. All that was then 
wanting for tho perfect imitation was the discovery of materials 
similar to those received from China, the search for which was 
speedily snoeessful. The first establishment was formed in the 
<^tle of Vincennes, wheneo, in 1766, it was transferred to 
Sbvres. In 1760, Lonis XV., at the solicitation of Madame de 
Pompadour, bought up tho estaMishment. The factory became 
celebrated for its soft porcelain, or p&te tmdre; but the great 
objeot was to produce the hard porcelain, which had rendered 
Saxony the envy of Europe. Then kaoline was not kno\fn in 
Pnimi nor was its' ptoeenoe suspected until, about 1768, tihe 


wife of a surgeon, near Limoges, noticed there a white nnotuoui 
earth, whieh she tried to use as an ooonomioal substitute in her 
house for soap. Her husband showed a portion of the earth to 
an apothecary at Bordeaux, who, being aware of the searoh 
making for kaoline, sent a q>eeimen of the Limoges earth to the 
ohemist Masquer, who at onco recognised it as the desired 
kaoline. He then established the manufaotute of hard porcelain 
at Sevres, in 1769; but such was the difficulty in suiting the 
odours to tho less absorbent material that soft poredaia 
eontinned to bo made until the year 1804. The pdte tendire 
was not oonsidored as real poroolain; it was of complicated 
and expensive composition, and liable to collapse during the 
firing. Mr. Marryat speaks of it as “remarkable for its creamy 
and pearly softness of colonr, the beauty of its paintings, and 
its depth of glaze.” The ware fen* common nse was painted 
with flowers, in patterns, or medallions; that for royal nse had 
grounds of Uea de roi, blue turquoise, jouquille or yellow, green, 
and a lively pink, the rose du, Barri. Some specimens were 
painted with landecapes, flowers, birds, boys, and Cupids, in 
medallions, and others with subjects after Watteau; and the 
jeweOed onpe, with the blue de roi ground, were celebrated. In 
form tho Sevres china is not equal to the Dresden. Suoh was 
its profttsenesB of decoration that a law was passed in 1766, and 
renewed in 1784, limiting the use of gold in the decoration of 
poroolain at the royal manufactory at Sevres, whieh accounts 
for the rarity of the old French gilded puroclain. This being 
a royal establishment, ail Sevres porcelain hod on its under- 
suifaoo an initial mark in blue, Burmounted with the French 
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TECHNICAL DRAWING.—XXIV. 

DKAWING POE MACHINISTS AND ENQINEEES. 

TOOTHED wHEEi-s (Continued) 

Fio. 235 .—System composed of a ruck driving a pinion. 

Hero the curves of tho faces of tho teeth in the rack are 
portions of a cycloid generated by tho circle a, tho diameter 
of which is half that of the pitch-circle b, rolling on the pitch¬ 
line C D. 

In commencing this study, draw the pitch-line, and a por- 
pendionlar, on which set off the oontro of tho pitch-circle and 
tho generating circle. 

Draw both of those circles, tho tangent point being at T. 

Sot off the length of tho pilch along the r.ack and on the 
pitch-circle, and proceed to divide each pitch into a tooth and a 
space. 

Now describe the cycloid which is to give the face of the 
teeth of the rack. If tlie drawing be large, or one from whieh 
a “pattern” is to bo made, this cycloid may bo cut in thin 
wood BO as to form a templet (described in a previous lesson), 
and with this tho faocs of the teeth of the rack may bo de¬ 
scribed; but fop general use in smaller drawings tho curve 
may be on are of a circle, tho radius of which is the length of 
tho pitch, as shown at o H. 

Tho flanks of tho teeth of tho rock are perpendiculars, and 
are strengthemed by 'being joined by quadrants to the lino 
parallel to tho pitoh-lino, 'which forms the root of tho teeth. 

Tho curve of the faces of tho teeth of the pinion are portions 
of the involute of tho pitoh-circle. 

For a fuU dosciflition of the nature of this curve, and tho 
method of describing it, tho student is referred to Lesson VI. 
in “ Practical Geometry applied to Linear Drawing.” 

Fig. 236 will remind the student of tho general principles of 
its construction. 

Lot A B bo a portion of tho circle from which tho curve is to 
bo evolved, divided into a numbej* of equal parts ; as, 1, 2, 8, 
4, 6, 6. 

At those points draw radii, and draw tangents to each. 

From the points of tangent set off on these linos divisions 
ooptosponding to tlie figure from which each is drawn. Thus, 
on tangent 1 set off one of tho divisions, from tangent No. 2 
set off two, and so on, and through the points so obtained the 
involute is to bo drawn. Here, again, for general purposes in 
drawing, tiie aro of a circle is substituted for the true curve, 
and it will bo seen that the arc struck with a radius equal to a 
pitch corresponds neazly (though not perfectly) with the curve 
drown at b (Pig, 236). 
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, The flails of the teeth ace ndiaJ, tacned off into the inner 
eizde by email acoe. 

^e remaining' portion of the pinion 'will be easily completed 
rrithont farther explanation, ^e apaoe at h, ae the student 
vill no doubt know, is the ]cey-bed, in which a key is placed to 
fasten the pinion on the journal or end of the shaft. 


being taken as equal, the radius of the pins is therefore ow 
quarter of the 'pitch. 

The spaces in the pinion are stmok with the same radius 
The curve of the faoes of the teeth is, as has idready been said 
a portion of the epioyoloid; but an aro diuwn 'from a, iht 
middle of a piteh, so nearly ooinoldes wiih the onrre B o, whiol 




I 



Hg. 237.~In the astern here shown, the pinion drives a wheel 
wi& piM inatead of teeth, and the face of 'the tooth of the 
driver is a portion of the opicyoloid onrve generated by a' 
0^^ of hi^ the oironmference of (ha wheeL 
In copying this example the pitob>oiroles of driver and 
follower having been described, and the pitches having been 
set off ^ each, the oirdlos representing the pins are to be 
drawn. Ihe spaoee and diameter of the pins in this instanoe 


is the curve properly constructed, that in drawings it is usually 
snbstitnted for it. 

The following important remarks on the teeth of wheels are 
made by Professor Qoodeve t— 

“ It will be proved, when we treat of rolling onrvee, that the 
snrface of one tooth moat always slide upon that of aaothw in 
contact with it, except at the moment iriien the point of con* 
tact is psasing the l^e of centres. 
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« Thia BUitter shoiild b« well nndentood. 1%e teei^ ne per- 
petoAlly rabbiiiK and grindingr agamet each other; we cannot 
prerent their doing so; ont rnlee only enable ne so to shape 
the acting surfaces, that the pitoh-ciroles shall roll npon ea^ 
other. •< 

» Kothing has been said about the teeth rolling npon each 
other. It is the pitob-oircles that roll; the teeth themselres 
slide and mb during every port of tho'ac^on which takes place 
ont of the line of centres. 

“ Sinoe, then, the friction of the teeth is unavoidable, it only 
remidna to reduce it as much os possible, which will be effected 
by keeping the arc of action of two teeth within reasonable 
Ihnits. 

"Oenetally, the Mction before a tooth passes the line of 
centres is more injurions than that which oeours after the tooth 
has passed the nme lina The difference between drawing a 
walking-stiek along the gronnd after yon, and poshing it 
before you, is given by Mr. Denison as an illustration of the 
difference between the friction before and after the line of 


measurements are, however, marked on each pari, and the 
student is to take these from his soale. He is advised to vork 
Fig. 238 (which is a rough hattd>skotoh of a small copying-press) 
to a scale of not less than | of an inch to an inch. 

To make tiiis scale, draw a straight line, and on it set off a 
number of divisions of | of an inch each. Mark the begmning 
of the line o, the first division 1, the second 2, and so on; 
these divisions will then represent inches. This plan is better 
than measuring direct from the foot-rule, as it avoids the neces¬ 
sity of calculating how many inches so many times | make, by 
wUoh errors often occur. 

Now divide one of the above spaces into eighths for mea¬ 
suring the fnustional parts of mohes. 

The scale being thus prepared, draw the base-line, a B, and 
the central perpendicular, c n. 

Next mark off 9" on each aide of c—vis., c x and c v—the 
length of the base being 18". 

Draw perpendiculars indefinitely high at X and r ; mark off 
on one of those 1} inch—^viz., x a. It is not necessary to 



centres; but this difference is less appreciable when the arc 
of contact is not excessive." 

KXCBXmCAh BBAWIHO WBOM BOUaH SKXTCHXS. 

In the previous figures the student has been allowed to copy 
the examples by measurement, mr to inorease their sizes as ho 
may think proiwr. 

By such means, however, only practioe in copying ready¬ 
made drawings is obtained, and such practice must only be 
taken as the means to the end—certainly not as the result to be 
attained; for a draughtsman who can but copy is; indeed, little 
better than a machine; being merely capable at measuring accu¬ 
rately and drawing fine lines, moat of the latter result being 
due to his instruments, he thus becomes, in the true sense of 
the term, a " mechanical draughtsman." 

It is to avoid this that the course hare laid down blends 
mental study with memual practice, and in the present section 
an endeavour is made to afford the student practice in working 
from rough sketches, such as are made in an off-hand manner 
ly the engineer, and entrusted to the oocupants of the drawing- 
offloe to wotk out. 

These sketches, though approximately correct in general pro¬ 
portions, are not drawn to any absolute scale; the etiident 
must not, thmSore, tnut to measuring from them. The true 


measure this height on both perpendiculars, for by placing the 
T-square against o, the line o H will give the height of F H. 

On each side of the centre line now set off 7", and erect the 
perpendiculars i and J for the centre lines for the standards; 
the width from centre to centre being 14". 

On each side of i;and j set off J E, draw the lines K, L (and 
corresponding lines on the opposite side), and draw the hori¬ 
zontal H N at 6}" above o B. 

Now draw the horizontal o f at 5}" above o h, and Q B at 
3i" above it; the width of o p is zi ", and of q b 24". The 
arches are then to be drawn from centres on the perpen¬ 
dicular, c. 

The iron lid, s T, is, in the present view, at If" above OH; 
it is g" thick. On it is a boss g" thick, to which a flange nms 
from each comer, and on this boss is a box g" high, in which 
the end of the screw works. 

From this box, the screw, which is 1" in diameter, is long. 

At 1" above this draw u v, the central horizontal, for the 
biuidlee 

The boss in the middle of the handle is 2" high and 8" 
diameter. The length from end to end of the handle is ITg"." 

The screw is to be drawn in straight lines, os shown in 
previous examples. The nuts, etc., udll be ea^ understood 
: without further instraotions. 
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A2T1MAL COMMEBdlAL PRODTTOTS.—XVI. 

PEODUCTS Off SUB-KINGDOM ANNULOSA (oontvnwd;. 

■gtiitgr Jly , {CamthaH* vesieatoria). — A. smaJl ooleopteronB 
insect wdn^bree-fourths of 'on inch long, of a nanaeoos odour 
and a brilliant goldon.green colour. These inseots secrete 
in their bodies a principle which has the power of vesicating 
or blistering the human skin when applied. For this purpose 
the beotlo is reduced to powder, which, mixed with ointment or 
lard, is spread thinly upon a piece of leather, and then applied 
to the part intended to bo blistered. The blister fly is found on 
a variety of shrubs in Spain, Italy, France, etc. It has been 
taken occasionally in England, but it is much mote abundant in 
Spain; and although wo now reoeivo it principally from Astra- 
can and Sicily, it still retains its usu^ commercial name of 
Spanish fly. In some years us many as twelve tone of those 
insects have boon shipped from Sicily. Some idea of the im¬ 
mense number destroyed to form tliat amount may bo obtained 
feom the fact that fifty of them soarooly weigh a droohm. 

JtS&Jmcc^Ooccus lacca).—The habits and economy of this 
insect are much the same as those of the cochineal. The lao 
insect attaches itself to the bark of trees abounding in milky 
juice—such as the Ficus Indica or Indian fig, and the f’ieus 
rcliffioaa or Banyan fig—punctures the bark, and causes an 
exudation of the milky juioo; this eventually surrounds the 
lac insect, her eggs, and larva, producing an irregular resiuoiis- 
lookiiig brown mass on the branch, which it encircles. The 
commercial varieties of lac are stick lac, which is the substance 
in its natural state Investing the small twigs of the tree ; seed 
lac, the same substance broken off in small pieces from the 
twigs; and sJuill lac, consisting of the substance molted and 
formed into thin cakes. Seed lao and shell lac ore the resin 
loft after the dye has been extracted from the stick lac. Lac 
dyo and lac lake ore two preparations of the colouring matter 
of stick lao, imported in small cubic cakes from the East Indies. 
The colouring matter of these dyes much resembles ooohineal, 
for which it is largely substituted. Upwards of 1,000,000 lb. 
are annually imported from Bengal, and 3,000,000 lb. of shell 
lac; nearly one-half of it, however, is agaiu exported to Italy, 
Germany, and other parts of tlio Continent. 

Lao is mainly consumed in the manufacture of dyo stuffs, 
sealing-wax, and of certain varnishes and lacquers. Bod sealing- 
wax has its colour communicated by vermilion ; white soaling- 
wax is made witli bloaohod gum lao; black sealing-wax is a 
mixture of shell lao and ivory black; and blue sealing-wax is 
made by colouring the shell loo with smalt or vorditer. To 
make golden saaUng-wax, powdered yellow mica is mixed with 
the Shell lao. 

FEODUCTS Off THE StTB-KINaDOM BADIATA. 

JRadiafa (Latin, radius, a ray) is the fourth primary division 
of the animal kingdom, and includes all those animals which 
have a radiated disposition of the organs of locomotion and in¬ 
ternal visoora around a common centre, whence the term radi¬ 
ated animals. Their nervous systom and instincts ore reduced 
almost to a nullity; aU are indolent and slow of movement, 
wldle many of them are rooted and fixed. They have been sub¬ 
divided into the following closaes:— 

1. £lchinodermata (Qrook, ecliims, a hodgohog, and derma, 
the skin), or splny-akinnad animals. Examples: osterias or 
aea-stor, and the common echinus or sea-eggf 

2. Afiotephm, ot jolly-fisho.s, called also sea-nottlos, because 
leaving, when touched, a disagreeable sensation, like the sting 
of a nettle. Those have an extremely soft, gelatinous struotnro, 
and float and swim in the water by alternate contractions and 
£latationB of tho body. 

8. ^i>}/api, or animala having a fleshy cylindrical hollow body, 
tho mouw'Of which is surrounded by numerous arms or tenta- 
cule, and commonly fixed by ono end. Euunplus: hydra or 
water polyp and the coral polyps. 

Of the above classes of radiated animals, the last only is pf 
commercial importance; it ftinushes us with the 

lUd Corat (Oorallium rubrum, L.).—-Tfaia ia a marine pro- 
docUon, fprmdd by numerous polyps in nnion with each other, 
called a polypidom. Becently taken, coral itr covered with ono 
mmtinuous U ving membrane, in which are the polyp c^s. Those 
polyiw produce the coral, a branched tree-like stradture, beou- 
# tifi^y red, and very hard, and for this reason much sought 
after for oruamental purposes. In places whmre good coral ia 


obtained it forms an important article of commerce. It is 
abundant in various parts of the Kediterranean Sea. It oconrs 
in the Bed Sea, the Persian Gulf, and on tho eoasts of Spain, 
France, Corsica, Sardinia, and Sicily. Very fine coral ia found 
between Tunis and Algiers, off the coast of Barbary, whore the 
French and Italiane carry on the coral fisheries. OGier species 
of the genus have from time to time been dredged off M^oixa 
and the Sandwich Isles. 

Coral always grows peri>eudioularly on tho surface of tlie 
rods to which it attaches itself, in whatever position tho rock 
may be placed, and from eight to twelve inohos in height. 
Coral requires from eight to ten years to srrive at its full 
growth. It is dredged up from depths varying from 10 to 1,100 
fathoms. Its value di^enda on its sise, solidity, and the depth 
and brillionoy of its colour. Some of tiio corals in the market 
are worth from eight to ten guineas an omioc, whilst other 
kinds will not fetch one shilling a pound. 

FBOp PCTS OF. TH.E SUB-KINGDOM PEOTOZOA. 

Protozoa, or first animals (Greek, prolos, first, and soon, an 
animal). Examples: Infusoria, or auimalcalo) developed in 
vegetable infusions and sponges. 

Swnge {Spongia &gicinalis, L.'.—This organism ia now ao- 
kmowlDai^d by iiaturaUsts as belonging to tho animal world. 
A piece of sponge shows on its surface an indefinite number of 
minute holes, amongst whioh there are larger openings scattered. 
When alive and in tho water, currents of water ore soon to 
enter the smaller openings, which, after passing through the 
body of tho sponge, aro‘ejected out of tho larger orifices. Nutri¬ 
tive matter ia conveyed by those currents into the body of tho 
sponge, and fiecal matter is at tho same time removed. A 
coating of living gelatinous matter ia spread all over tho fibres 
ot the spougo, in uonsistence likp the white of an egg. This 
Dins away freely from the sponge when the latter is tiiken out 
of the water. Nothing then remains visible but the sponge, 
whioh is, in foot, tho homy 'skeleton or structure formed by 
tho labours of the animals oonstitnting tlio gelatinous coating. 

$I)onges occur in all seas, from the equator to tho poloa, but 
they attain their greatest size and perfection in tho tropics. 
They grow on anything whioh will servo them os a point of 
attachment. 

Several kinds of spongo come into the market, but the most 
valuable, and those also moat in general uao, are called Turkey 
and 'West India sponges. The former ia oonsidored to bo tho 
heat. Tho tubes and orifloea of tho Turkey spongo aro smaller 
than those of tho West India variety: it is idso more durable, 
and loss easily tom. Tho Turkey sponge ia obtained from the 
Moditononean, where it grows on rocks and stones at tho bottom 
of tho sea in maasoa from tho size of an egg to that of a man’s 
hood. Our suppUos ore received from Cyprus and Cundia, from 
tho shores of Anatolia, and from several islanda of tho Grecian 
Arehipolago, especially from tho small island of Symia or 
Syme, whoso inhabitanta are said to bo tho best divora. The 
coast of Syria furnishes the finest toilette sponges, valued at 
from 3 Sb. to 40 r. per ponnd; ordinary sponge costing only lOg. 
per pound. ' Inferior spongo, with a largo-holed texture, caUod 
horse spongo, comes from tho ,coasts of Barbary, Tunis, and 
I Algiers. 1%o annual importation into the United Kingdom 
I amounts to between 200,000 and 300,000 pounds, valued at 
^80,000. The coarser sponges <fl>mo principally from America. 
Very large ones are obt^ed from the Bahama banks and the 
coast of Florida. 

The property whioh spongo possesses, of absorbing water 
into its tubes and retaining it until squeezed out, renders it 
valuable for all purposes involving washing and cleansing. 


PRACTICAL PERSPECTIVE.—IV. 

Fia. 20.—^The subject of this lesson is a cross, made of square 
timber, or stone. 

The pieturo-liuo, height of spectator centre, and points of 
distance having beem fixed at pleasure, 

From A sot off a b, representing tbo distonoe of the per> 
pondionlar of the cross on the left of the speetator, and beyond 
this mark off d, so that B o' may equal the thloknoss of tiie 
material whieh the orosa is supposed to be made. Diavr tha 
perpendionlaxs o' z and b d, and join them by the horizontal b d. 
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At the required height from the piotuxe-line draw the hori- 
zontel line a i. 

Make 1 1 ' and s' O equal to o' B. At a and I erect perpen* 
dieulare, also equal to c' b. Draw B f' and h h', and these 
will complete the front elevation of the cross. 

Now from the angles b, d, a, R, l, and i' draw lines to the 
centre of the picture. From n set off b j equal to o' b. 

From J draw a line to the point of distance, cutting b c in k. 

At E erect a perpendicular, cutting i' c in n, and meeting 
D c in u, 

Through L draw a horizontal lino, cutting i c in N, and a c 
in O. 

At N erect a perpendiculor, meeting h c in p, which will 
complete the porspootiyo view of the cross when standing in the 
immediate foreground, on the left of ttio apoetator, its olovation 
being xiarallol to the plane of the picture. 

Fig. 21.—In this study the cross is roproseutod as rotated, so 
that the elevation is at right angles to the plane of the picture. 
Thu attention of the student is called to the foot that whilst in 
the former view the foot of the cross was on the piotnro-line, it 
is not so in the present study. A moment's reflection will 
show that the upright must rcoodo from the foreground in order 


From J mark off j e, oquol to J b, and from E draw a line to 
the centre of the picture. 

Draw b' k' paredlel to y E, which will bo the bottom line of 
the upright of the cross. 

At K' draw a perpendioolor, meeting a horizontal drawn 
from V in u. 

On K erect a iierpondioular, k a', and a line drawn from a' to 
the centre of the pioture should pass through u. 

Draw horizontal lines from R and i, cutting k s' in P and R. 
Rtrongthon p r, and the square u i r p will bo the end of the 
cross-arm. 

From N draw a line to the centre of the picture, cutting xf u 
in t. Draw f l, which will give the junction of the arm with 
the upright; a horizontal lino from o will then complete the 
view. 

Strengthen the lines required in the projeotion itself, in order 
that the object may stand clearly out. 

Fig. 22.—^Tho object of this study is to show the method of 
putting steps into perspective. 

'I'ho four stops are contained within the square a 3 c D. 
Having drawn this square, and divided it into the required 
number of aquores (t^t is, provided the steps are squares. 



Fig. 21. 


to allow of the projection of the arm, the end of which touches 
the piotnre-plane. 

Now lot us suppose the first cross to bo moved along tbe 
pictnxe.plano until the point y is at J of Fig. 21. If, thon, on 
this point j we erect the perpondicalar y s, and rotate the rect¬ 
angle y a r q' on this, as a door on its hinges, we shall obtain 
tho figure in which the oross be contained. 

Having erected the perpondionlar y s, draw a line from each 
of these points to the centre of the pictnio. Mark off from J 
tho length y q (Fig. 20), and from q draw a line to tho point of 
distance, catting j c in q'. 

Draw q' a, which will oomploto the perspective ropresonbi- 
tion of tho rectangle containing the cross, when its piano is at 
right angles to tho plane ol tho picture., 

On y B set off i and h, equal to tho height and thickness of 
the arms. 

On the piotnre-lino set off from J tho length of the arms J b 
and o' q, thus leaving between them tho width of the upright 
of the cross. In the present study these ate all equal, but ot 
course this is not necessarily the case. 

From B and c' draw lines to the point of distance, ontting 
J q' in b', o'; at these points erect tho perpendionlars b' X> and 
d X. 

From H and i draw lines to the centre of the pioture, and 
draw F a, which will complete the perspective view of the 
tievatiott of tho oross. 

It now remains to give the appearance of solidity to this 
mpresentation. 


otherwise tho containing figure must bo an oblong formed of 
tho required number of steps of the desired proportions), 
strengtlion such of the linos os are requited to form the angles 
of the steps—-viz, b i, i F, f b, e a, G H, H f, i' j, J D. 

From each of these points draw a line to the centre of tho 
picture. 

From B sot off on the pictiiro-lino B K, equal to the real 
length of tho front of tho steps. 

From E draw a lino to the point of distance, cutting b c in k'. 

At k' draw th^ iiorpendioular k' i", and from l'' draw tho 
horizontal l" f' ; continue tho pori’cndioulars and horizontals, 
f', k', o', h', i', y, and d’, which will complete tlio figure. 

Fig. 23.—^The subjoctof this lesson is the same block of steps, 
turned so that their length is parallel to tho picture-plane. 

From A, tho point immediately under the centre of the 
picture, set off a b, the distance of the object on tho right of 
tho spectator. 

At B erect a perpendicular, b d, equal to tho height of the 
containing square or parallelogram. 

From B and o' draw linos to tho centre of the picture. 

From B set off B A', equal to the base of the ooutasning square 
or rectangle. 

From a' draw a lino to the point of distance, outting B o 
in a". 

At a" draw tho perpondionlar a" D; then 3 d o A" is the 
perspective representation of the containing figure. 

On B o' sot off the diviaiona corresponding with tho number^ 
and height of the steps—1, 2, 3, and from these points’ 
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draw linos to the centre of the piotnre. On b A' set off the 
dirisiona ooireq>onding the number and nridth of the 
treads of the steps—^ris., 1, 2,8. 

From It 2, 3 lines to the point of distance, catting B x" 
in 1' 2* S'. 

At 1' 2' S' oToct perpendionlarB, and these catting the lines 
drawn from 12 3 (in the line b o') to (he oontre of i^e piotnre 
will give the angles of the steps n, r, a, K, i, J, and will thus 


Isixntciss 11. 

There is a stone cross, the perpendioulu of which np to the aim is 
7 fast; this petpendioaisr is at base 1 fopt agnate. The arm, which is 
1 foot aensze, rests on the perpendiouiar, and stands out 2 feet on eaoh 
aide; above this ana the perpendiouiar is oontinued so as to make the 
total height of the oroes 10 feet. The seals is I inoh to the foot, the 
height of the Bpeotator is S feet, the distance 18 feet. 

(1.) Put this cross into perspeotive when standing in the fore> 
ground at 8 feet on the left of the spectator. 



complete the penpeotiTe view of the end of the block of steps. 
From B set ^ B X, equal to the real length of the front of 
the stepB. 

Now from i (on the line b o') draw a horisontal, and from x 
draw a perpendioolar. These, interseoting in i', will give the 
front of the first step. 

From I* draw a line to the centre of the piotaTO,.and from n 
draw B horisontal to intersect it in s'. 


(2.) Put the same subject into perspootiTo, at the some distance 
on left of spectator, but standing 10 feet book in the picture. 

. Exxbcibb 12. 

The aoale, height of spectator, and distance the some as In the 
ptevions exercise. 

(1.) Put the cross into perspeetire when standing at 0 feet on the 
right of the spectator, its face hoing at right angles to the 
plcture>plane. 

(2.) Put the some cross into perspective when sianding at 6 feet 





At s' ereot a perpendionlar, sad from T draw a horisontal to 
intnssct it in r. 

From f' draw a line to the centre of the jdctnre, and inter¬ 
sect it by a horisontal drawn from a, ihns obtaining the point o'. 

Ikom o' draw a perpendionlar, and from x draw a horisontal 
to interseot it in x'. 

. Fkom b' draw a line to the centre of the piotaro, and a hori- 
nmM.ftom x to intersect it in i*. 

At f ereot a perpendinilar, and intersect it in y by a hori- 
sontal drawn frm a. 

t IVom f draw aUne toihe ontre of the {dotnre, and interseot 
fit in o' by a line fbomii, which will eompleto the stn^. 


on the right of the epeotator, and 8 feet within the plotwe, Ite 
face being at right angles to the picture-plane. 

Exasciss 13. 

The seale is t inch to the foot, the height of the spaetator is 6 feet, 
and his distanoa 18 feet. 

There is a flight of 6 stone steps) tiie rise is 6 inches and the ttead 
9 tnobw, and the length of the steps 6 feet by scale. 

(1.) Fat this bloek of steps into perspective whan plaoed at 7 
fast on the left of the speotator, end elevation bmng panllel 
to the piotnre-plaae. 

(2.) Pot into penveetlve the same block at steps when staadlag 
BO that their long edges are parallel with the piotnre-plaiw, the 
end slsvatiOn bmng at 8 fast on the light of the Qeetator. 
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CIVIL ENGINEEEING.—V. 

BT X. a. BABTH0I.01IXW, CJi., H.B.X. 

CAHAIiS (MMUmiMd). 

Thx engineer having decided upon the most desirable oonrw to 
be taken by the canal—^the centre lino having been staked out 
—next proceeds to lay ont the centres of euUing for the various 
sections. These pointe-will best be understood and expkunod by 
the help of diagrams. In excavating for the bed of a canal it 
is Ywj seldom necesaary to dig ont soil equal to the capacity of 
the intended 
'Channel, be* 

'Cause, in al¬ 
most evoi 7 h ^ 

and, by pro- 

I)orly puddling and solidifying it, making it form the upper por¬ 
tions of the b^ or the banks. Thus, frequently, nearly half the 
labour and expense is saved. 


The second condition we have to consider is, when the surface- 
line of the ground A. b c d (Fig. S) is not at right angles with 
the vertioal line n i/. In tlda case it may not be necessary to 
disturb the ground at all upon the upper side of the slope, 
except to excavate for the towing-path e/, and the drain at B. 
The line a ted through the centre of cutting will, in thia 
instance, be determined upon by the consideration that the 
whole of the excavated soil can be utUisod uimn the lower aide 
of the channel only; the capacity, therefore, of the figure 
V b'd r must equal that of the figure teghc,yx being in the 

lino of the 

^ (froond level, 

towing-pat^ 

.tiio channel 

JbT of the oanak 

necessary to 
give one rule 

Fig. 5. taining the 

centre of cut¬ 
ting. T^e 

a case of oblique eutUtvg —i.e., where tiio canal has to be formed 
on the side of a hill, the insida and outside slopes being parallel, 
and one bank only required :—^Let A n c s (Fig. 6) be the sec- 


To accomplish this, however, it will be necessary to deter- tionr of the intended canal, and c n x a r that of the bonk, the 


mine what shall bo the depth and capacity of the excavation, 
so that, when the soil taken out is banked upon its margins, the 


slopes A B and b r being parallel. To find the centre of cutting, 
oontinae the lines b c, d b to o and A; draw the perpondiou- 


oompleted channel shall have the capacity and dimensions it is I lara cm, Dn, and the diagonala AO, mn, intersecting at p; 
intended the ^ through p 

required. bo ' drawn 

Our space prevents our entering fully into the rules requisite | through this point, cutting ike slopes a B, b a produced, h b o w 


Fig. 4. 


for determining the position of this point, which will vary will always be equal to wdef; and the total breadth of the 


greatly according to cirourastanoes, and principally according 
to the direction, slope, or angle of the oxigiiml surface of 
the ground, relative to a line standing vertic^y in the centre 
•of the channel. 

Let A B c D (Fig. 4) represent the surface of the ground, and 
let the first 
a<mdition of 
the surface be 
that of a hori¬ 
zontal plain. .p. 

This line wiU .. 

line striding 

verboally m .: 

the channel. . 

'the centre of 

cutting, will occupy such a position as that the area of the 
quadrangle hee'h' shall be equal to the sum of the areas of 
the quadrangles aefb + cghd, in which ef and ph arc the 
bowi^-patha on the sides of the channel/p ^ V, the small grip 
■at ditch at a and d being formed to cany off the drainage from 
the banks. 

^e enormous advantages which result from tho adoption of 
this plan become apparent from an examination of the diagram. 
It 'will 'there be seen that only tho lower and narrower portion 
'Of the channel has really to be excavated, the npper and wider 
jpart beiag built up, as it were, of the excavated soil. 


canal and bank (a D -f- n q) will be to tho breadth of the bank 
added to the base of the slopo (na-i-nc), as the depth oi the 
canal from its surface is to depth below the centre of cut¬ 
ting. This point o 'will also be 'the centre of out and cover, for 
a lino etaked ont at tho level of the ground above tiie point o 

will show the 
middle of tho 
land required 
for the canal. 

Cases may 

..arise, how- 

.ever, in which 

thooxoavatod 
earth cannot 

..be atHised. 

* 

nnsuited for 
p. g the formation 

‘ of the basks, 

and must be 
removed. In 
snch a oaee 

the channel will have to bo altogether excavated below the 
ground-level. Sometimes, as, for instance, in passing' through 
towns, retaining^valls have to be built, so that less breadth of 
land n>i«i.il be required. In conveying oanals over roads, or 
aoross ravines, it may bo nocesBary to oonstmot aqueducts of 
smsonry, or troughs of iron. A handsome bridge of five arohee, 
built of hard sandstone, conveys tho Lanoaater and Kendal 
Canid over the river Lone at a height of C2 feet above tho 
water. This aqueduct is 600 foot long. 

next , point for onr oonsideration is the lock. This inge¬ 
nious arrangement is intended to overoome the difficulties 


TOl. z. 
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attondant upon eomoyiag a oolial over anlorel ground, bo that 
t^ navigation shall be oontinooUB. There are other contrivanees 
beaidoB the lock for attaining this objuot; bat for ordinary 
purpoBoa the lock is tho most dosirablo. Before the invention 
ef ^e look, inolined planes were mode nso of for enabling tho 
barges to pass from one level to another, and it ^ae o^y in 
1460 that looks -nets first omployod upon canals. They ■wore 
nsed in the Canal of Martezana, in Italy. 

A look consists of a portion of tho canal fitted at each end 
with folding doors or gates, wliich whon closed prevent the 
passage of the water through them, except when a valve or sluice, 
which is oonstmoted in them, is opened. By moans of those 
tos and valves the water in tho intermediate portion can 
brought to tho same level with that either in the upper or 
lower section of tho canal, and a barge enclosed between them 
win descend with the dosoont of the water from tho upper to 
the lower section, or will ascend with the rise of the water from 
the lower to tho upper section. Tho upper gates are called tho 
sluice-gatos, and the lower tho flood-gatos. The area of the 
look should never bu allowed to exceed what is ootuslly required 
for tho navigation, because every time a look is emptied tho 
enclosed moss of water dosconds to a lower level, and causes, 
by so much, a demand npon tho souroe of supply at the higher 
levels. It is therefore dosirablo to reduce this mass of water 
ns muoh as possible. 

Tho difforonco of level npon tho opposite ends of one lock 
should be kopt, as nearly as possible, to 8 feet. If more than 
this, the strain cuusod by tho water-proasure becomes cxcossivo, 
and it is bettor to subdivide tho height by a second look. 

The depth of a look mast be such that a barge navigating 
tho lower seoiion con float freely into it when the sluioo-gatea 
ore closed and tho flood-gates open, and tho height of the flood¬ 
gates must bo such that whon closed, and the wator odmittud 
into the look from the upper level, it shall not overflow them. 
Tho imsition of a look is jnat at the termination of a level whore 
the ground bogins to fall. It is for every reason dosirablo to 
construct a lock of masonry, so that tho wa.sh of the water, 
caused by opening tho sluices, sltoU not augment its capacity. 
Sometimes, whon tho trafliu is heavy, os' npon tho Begant’s 
Canal, in London, the locks are mado double—^tbat is, side by 
side, separated by a strong pier of masonry—and a flood-gate or 
valve is plaood in this pier, by which communication con be 
mode between tho two looks. By this arrangement a saving of 
wator is froquontly effected, ns, instead of allowing an entire 
lookful of water to pass into the lower section, half of it con 
be passed into tho adjoining lock, should that happen to ho 
om^y at tho time. Great oaro is needed in oonstmeting the 
rotaluing walls and piers of looks. As a role, the thickness of 
a wall intemdod to support tho lateral prossuro of water should 
not be loss than half the height of tlio water which presses against 
it. Tho surface of tho masonry should be sot in cement, and 
tho bonding should bo arranged, so as best to withstand tho 
thmst of the closed gates. 

Hio gates of looks ore usually constructed of timber, although 
in some instances they ate of iron. If of timber, they consist 
of two strong npright posts, tho inner being called tlie quoin, or 
hanging post, and tho outer tho mitre, or shutting post. These 
are framed togetlier with several horizontal rails or cross-bars, 
And tho whole oousolidated by braces dosely laid, and plaood 

,either vertioally or 
diagonally, tho dip 
of tho diagonal 
being dowmeards 
from the hanging 
post By this means 
the stress is trans- 
ferret 1 to that post. 
The valves or sluioes 
ore small doors sliding vertioally over orifices loft in the frame¬ 
work of the gate, and nsaally raised and lowered by a rack and 
pinion worked from above. Tho hanging of the gates demands 
great coze. They mnst he made to fit so oocuratoly both at tho 
sidoa and middle, as that very little, if any, wator can percolate 
through whon they ore closed. Their lower centre moves in on 
iron plate leaded into tiio stone-work,whilethe upper is supported 
by 0 strap keyed or bolted to attoohments lot into the upper 
courses.of masonry. Hw strap, by the action of the keys or 
boltt, CM be alta^ in its positSon, to allow for wear in the 


centre, and for other purposes, such as tho ready unhinging of 
tho gate for repairs. In Fig. 7 is shown a plan of the ordinary 
arrangement of hanging; c being the oentre of the gate o, s the 
strap passing round the oentre, and 7 the iron plate let into the 
masonry. As it would bo impraotioable to allow the gates to 
rest npon tho ground, owing to the ftiotum which would xoault. 



and os, nevertheless, any spaoo which existed under tho gates 
whon closed would bo the cause of oonsiderablo leakage, when 
tho level of the water is higher on the resisting side, their 
bases are made to close against a timber sill, colled a vnntre 
sill, tho angle of which must agree accurately with that at 
which the gates are intended to remain when shut. This sill 
Hi partly embedded into tho masonry on the bottom of tho 
look, and is framed os shown in Fig. 8. The arrows indicate 
the direction of thrust. 

Tho piece ab mus transversely across tho lock, the ends 
being worked into tho side walls under tho hollow quoins. The 
angle A c b, wliich, as wo have stated, must correspond with the 
angle at which the gates stand when shut, varies according to 
the views held by engineers. It must certainly vary wiGi tho 
size of the gates—that is, with the prossuro of tho water. Tho 
larger the gates the more oente tho angle should be. Thu 
reason for this is obvious: since if the gates are small, tho 
pressure of wator, being less, would scarcely ensure tlio efficient 
closing of the gates, if tho angle bo too aontc; whereas if the 
gates are large, tho groat pressure of wator would act injuriously 
against tho bearings of tho gates, if tho gates olosud at too 
obtuse an angle. 'Hie nearest approach to a rule wo can lay 
down is, that when tho hood of wator is from .1 feet to 0 feet, 
the length of tho king-post K (Fig. 8) shall be ono-flfth of tho 
length of the opening of the look; if tho head be less than 
5 feet, tho king-post may bo one-sixth of tho opening. 

Owing to tho ftict that tho flood-gates are sometimes partly 
submerged, and sometimes entirely out of tho water, thoir 
weight will vary. Long levers are therefore fixed to them, to 
facilitato opening and shutting thorn, at tho same time being 
mado very heavy to haloncfi them. If tho gates are very 
large and very heavy, the balance lovers arc dispensed with, 
and the gates are furnished With small iron wheels, upon which 
*thoy rest, and which run on iron rails curved to the are they 
describe. The gates are in this case opened and closed by means 
of chains attached to them. 


SEATS OF INDUSTRY.—VIL 

GLAS<SK)W.-I. 

BT WILBIAU WATT WEBSTBB. 

GiiAsaow is by for the largest town in Scotland, and in poink 
of wealth and population ranks third among tho cities the 
United Sangdom. It is at once one of the most ancient and 
ono of tho most flourishing centres of oommorciol and mann* 
footuring enterprise in Britain, All tho principal phases 
through whiob trade and manafaotnres have passed sinoe the 
dawn of the modem indnstrial ora ore illustmted in the stoi^r 
of this city. Entering early on a commercial and manofac- 
tnring career, Glasgow has steadily maintained the foremost 
place among the industrial towns of Scotland; and every, great 
discovery or improvement in the moth^s of prodnotion and 
transit has, qnickly after its introdootbn, boon made to oon* 
tribute to its prosperity. 

The spot now ooonpied by Glasgow was tho site of a Bonua 
station, and the remains of a iSoman camp are still to he seen 
at a place called “Camphill,” two miles to tho south of the 
city. Glasgow formed part of the province of Yalentia, whi<^ 
was bounded on tho no^ IV the wall of Antoninus, that ez* 
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tended from tli(\ Frith of Forth to the Frith of Clyde, and it is 
belieTcd that it oontinued in the possession of the Romans till 
aboat the year 426, or "shortly before tlio time when they dually 
abandoned tho island. There is a tradition that the site on 
whioh the cathedral of Glasgow stands was consecrated as a 
bnrying-ground by St. Mniau of Galloway, as early as tho 
beginning of tiie fifth century ; and historians arc agruod that a 
religiouB house or see was established there by St. Mungo, or, 
as he was algo styled, St. Eentigern, about tho year 560. The 
dty, undoubtedly, had its origin in a religions establishment, 
and St. Mungo is its reputed founder. Several fathers of the 
Boman CathoUo Church have recounted tho fabulous auliiovo- 
ments of this holy ecclesiastic, and those portions of tho 
legendary story of bis life which explain the arms and motto of 
tho city with which his name has been associated for so many 
centuries may fitly find a place in this paper. Tho arms of 
Glasgow consist of a tree, with a bird porchud in its boughs; 
on one side is a salmon with a ring in its month, and on tho 
other a bell. Tho tree is said to commemorate a miracle which 
St. Kentigom performed at Culross, when he broke a frozen 
bough fi-om a hazel, and kindled it into flame by simply making 
the sign of tho cross over it. Regarding tho ring and tho fish, 
an equally extraordinary story is told in tho monkish legends. 
Tho queen of C'adyow having lost a ring presented to her by 
her lord, who threatenod to put her to death if it could not bo 
found, wont to St. Kontigum in groat distress, and besought 
him to put forth his supernatural power to rocovor the mussing 
jewel. After he had concluded his devoljons, tho saint wont 
forth tes walk along the banks of tlio river Clyde, as his custom 
was, and seeing the fishermen plying their vocation, ho asked 
them to bring him tho first fish that was caught. It is hardly 
necessary to mid that the ring was found in tho mouth of tho 
fish, and that tho huly was saved from the fato which Uircatoned 
her. Tho bell is tho eillgy of a famous boll that St. Kcntigcrn 
brought from Ivomc, which was prosorved in Glasgow till tho 
Reformation, if not to a more recent period. There is no 
miraculous story associated willi tho bell. It is otherwise, how- 
ovor, with tho motto :—l,ot Glasgow flourish by the preaching 
of the word. ’ ’ Having incurred tho hostilitj' of tho heathen eluuf 
of Cumbria, St. Kentigom was compelled to fly from the nowly- 
orgnnised setllcmont at Glasgow, and seek refugo in Wales, whore 
ho abode for some j^cars, and founded the bishopric still called 
after his disciple, St. Asaph. When his enemy died, tho holy 
man returned to tho seono of his former labours, and was 
welcomed back by a great crowd. Regiuning to iircach the 
Gospel to tho thronging multitude, St. Kentigom soon found , 
that it was impus.sible, owing to tho flatness of the ground, to j 
make himself iMurd, except by those in his immediate neigh- j 
liourhood. Thi.s acoustic defect, however, was soon remedied; ! 
for, lo! on a sudden, the plain on whioh ho stood was trans- j 
fon.md into a hillock, from whonco ho was both soon and hc.ard. i 


sair saiict for tho croon.” There are no means of determining 
whether Glasgow liad at this period attained tho dimensions of 
a town, but the nucleus round whioh the city has gathered and 
grown was now formed. Tho claim of King David I. to bo 
considered the re-founder of the city, is at least as good as that 
by whioh St. Mungo holds the tiUo of founder. In 1181 the 
building ereotod by David 1. was rcplaoed by Gio present pile; 
and in 1160, King William tho Lion raised Glasgow to tho 
dignity of a royal burgh, with tho privilege of an annual fair, 
which is still held. For tho next century and a half, however, 
Glasgow romainud a small town of some ^toen huudrod inhabi¬ 
tants. Tbo first bridgo across the Clyde was built by Rishop 
Eao, about tho year 1345; and in 1451 Bishop Turnbull, on tho 
authority of a bull oblainod from Pope Nicholas V., established 
the Dniversity. Rut although tho latter oxorcisod almost as 
important an influence on tho early fortunes of the city as the 
erection of tho cathedral, yet as late as 1650 Glasgow was 
only the eleventh among the towns of lieotland. 

Commercial enturprise began to manifest itself in Glasgow at 
a comparatively early xieriod. John M'Ure, alias Cami>bell, 
•'Clerk to tho Registration of >Soisins and other Bvideuts for the 
District of Glasgow,” xiuhlished a history of tho city in 1736, 
when he was in his seventy-ninth year, from which wo learn 
.'that “ tile first promoter and proi'ngator ” of the trade of the 
place was William Elphinstono, a cadet of the noble family of 
that name, and father of Bishop Klphiiistoiie, the founder of 
King’s College and University at Aberdeen, 'nus trading 
I worthy acquired wealth and fame about the year 1420, by 
I curing salmon and herrings, and exporting them to l''nuicc and 
, other Continental countries, bringing back brandy, wine, and 
! salt in oxcliangu. M‘Ui’0 incutions as the “second promoter 
I and propiigator '' of trade, Aruhibnld Lyon, a younger sou of 
; Lord Glamis, who was brought to Glasgow near tho close of 
tho fiftecaith eentury by Archbishoi> Dunbar, and who be- 
eamo a great merchant, and “ undertook great adventures and 
voyages in trailing to Poland. Franco, and Holland.” The 
j Buocess of this high-born merchant is attested by the extent 
. of the iiossessions be acquired iu and around Glasgow. In the 
inventory of his wealth the following items occur :—“ A great 
I lodging fur himself and family npon tho south side of the 
Qallowgatu Street; four closes of houses and forty-four shoijs, 
high and low, on tho south side of tho Gallowgate; and a port 
! of tho left side of tho Haltinarket.” But the foreign trade of 
Glasgow at thi.-< time must have been trifling, although about 
tho year 1600 tho prosperity of tho foreign luorchanls excited 
tho jealoa.sy of the tradesmen, who wished to sbnro Gio ad¬ 
vantages enjoyed by tho former; and the disputes between them 
led to tho cstiiblishmcnt of n guildery in 1605, for regulating 
and maiutaiiiing tho bmits of trade and commoree, having at 
its head a dean, who was to he “ a morchant, a merchant sailor, 
and a merchant venturer." Tho effont of tiie regulations in- 


According to tho legends, St. Kentigom roooivod tho namo of 
Mungo from his sxiiritual father St. Servan, tho Coldoe of tho 
Inch of Lochlevori, whoso favonrito disciple ho was; and tho 
word Mwnc/o or Miingah signifies in tho Norwegian language 
“ dear friend.” For five hundred years after the death of St. 
Mungo, which occurred in 601, tho^iistory of Glasgow is almost 
a blank. Tho people who inhabitod tho valley of tho Clyde are 
believed to havu aci|airod a certain degree of civilisation from 
being brought into close contact'with tho Romans, and tho 
“Kingdom of Strathnlydo,” which was founded after tho 
departure of tho Itumaua, was intact at the time when Bede, 
^the historian, died in 734. One of tho prinoes of tho Strath¬ 
clyde dyimsty coufen-ed a grant of lauds on the religious 
hooBO which St. Mungo established; but the fraternity wore 
robbed and maltimtod, alternately by Kets, Soots, Saxons, and 
Danes. In 1115, David, Prinoe of Cumberland, mpaired the 
devastations of St. Mungo’s sottloment; and in 1129, four 
yew subsequent'to his aeoession to the throne of Bccfihind, 
this pions and munificont sovereign appointed his preceptor, 
John, oommouly called Achaius, to bo bishop of tho see. A 
few years later tho pile was rebuUt, and on its oonseoration 
David L, in addition to his previous gifts, conferred on the 
oo nunnwit y of St. Mungo tho valuable lands of Partiok, whioh 
are now in the possession of the University of Glasgow. ■ The 
liberality whioh this sovereign displayed towards the Church 
gained him the title of Saint, and oaased one of his saoeessors 
Bn the throne, James Y., to grumble that ho had been '* ane 


j 

I 
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sUtutud by this guildery was, that none but guild brutbron 
woro in future pemiitted to trade or trafflo in.Glasgow. An 
intoTOsting account of Glasgow half a eontniy later is to bo 
found in a report on the rovenuo from tho oxoiso and customs of 
Scotland, dated 1651. “ With the cxncption of tho coligiucrs,” 
says Commissionor Tucker, “ all the inhabitants are traders: 
some to Ireland, with small smiddy coals, in open boats from 
four to ton tons, from yhonco they bring hoops, rungs, barrel- 
stavos, meal, oats, and butter; some to Franco, with ploiding, 
coals, and herrings, from whonco the return is salt, iieppor, 
raisins, and prunes ; s uno to Norway for timber. TBbrc have 
likewisu been some who have veiituroil as far as Borbadoes. 
.... Tlie mercantile genius of tho people is strong, if they 
were not checked and kept under by the shallowness of tho 
river, ovory day more and more increasing and filling up. so 
that no TOSMul of any burden can como up ncoror the town than 
fourteen miles, where they must unload and send up their 
timbmr on rafts, and all other oommoditios by three or four 
tons of goods at a time, in small oobblos or boats, of throe, 
four, or five, und none above six tons a boat. . . There are 
twelve ve8.scls belonging to the port, none of which como up to 
the town—total 957 tons.” The most notnblo among the mor- 
ohants of Glasgow from 1061 to 1707 wore Walter Gibson and 
John Anderson. Tho former had dealings with France, Spaiu, 
Norway, and Virginia, and was the first merchant who brought 
iron to Glasgow, while the latter is colobratod as the first 
merchant who imported wine direct into the oity. 
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PRACTICAL PERSPECTIVR—T. 

Fie. 24.—The Bubject of ihiti lesson is a oross, of a ai i n i l ar 
oharacter to that ehown in Figs. 20, 21; but in the present 
study the otqeot is lying on the ground viib the ends of its 
oroeaami parallel to the piotnre-plane. 

It will be remembered that hlg. 20 was shown to be oon- 
in a rectangle, and this plan is again adopted in the 
present lesson. 

From A, the point immediately nnder the centre of the 


Ind o D will be the real length of the arms, and r a their width. 
From T and o draw lines to the centre of the piotnre, ontting 
D' a in B, I. T HI o is the plan of the am. 

But tile timbers of which the oross is made are td sqnal 
thickness, and therefore f a is not only the width of the am 
bnt of the upright stem of the cross; and fnrihert the arms 
project horisontsUy from the stem, predaely as mwdi aa the 
stem projects above them, and the space ont out of the ommer 
of the containing rectangle is thei^ore a square, the side oi 
which is B F. Therefore, from F and a draw lines to tiie point 



pietore, mark off A a equal to the distanoe of the top of the 
cross on the left of the spectator; and from B sot off towuds A 
the distance B (?, ropresenting the entire height of the oross. 

From B and o' draw lines to the centre of the picture. 

From B set oft B D, representing the width of the containing 
rectangle. Draw a line from i> to the point of distanoe (the 
point of distance is not shown in this figure), which will out 
the line drawn from B to the centre of the picture in o'. 

At s' draw a horisontal line, ontting c'c in B, which will 
complete the peraiieotiTO representation of the rootoagle when 
lying ms the ground. 

Now between b and d set off the lengths a t, Fo; then bf 


of distanoe, ontting the line drawn from B to the oentre of 
the picture in J and E.- Draw J B and K u, and these will 
complete the plan of the cross. 

Now on F a oonstmot a square, F 9 H 0, which will be the 
elevation of the end of the arm. 

From N and o draw lines to the centre of the picture. 

At 1 draw a perpendicular, cutting o c in F, and at F draw 
the horisontal f Q, wUdb will oomplete the solid rendering of 
the arm. 

The line drawn from-'O to the oentre the piotnre cuts f L 
in B J at B erect a perpendicular, cutting o o in 8. At J aad I, 
erect perpen^culan. Through 8 draw a boriiantal, nwaidng 
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the ptrpe&dienlan t and !■ in t and u. At k and k erect per- 
pendfandars. Fhnn T and u draw Unes to the centre of the 
picture, cutting the petpendionlara K and u in t and w. Join 
V why a horiiontal, and thia will complete the figure. Suchlinee 
u would be visible in the object are then to be strengthened. 

Fig. 2S.—^The subject of this lesson is a simple doar^y, con- 
sisting of two uprights, and a horisontal resting across them. 

Having drawn picture and honsontal line, and having 
fixed the centre of the picture and the point of distance,* mark 
off the distances A B, B o', o' B, and B x. These will give the 
positions of the uprights. 

From B set off b x, and from x set off x o. 

These spaces represent the length which the horisontal pro¬ 
jects beyond the uprights. These would not be absolutely 
necessary if the one figure in the foreground only were to 
drawn, but as a distant figure is to be added, it is advisable 
that they should be marked at the present stage. 

Draw tiie perpendiculars B, o', D, x ; join H I and 3 E, and 
from the upper and lower extremities of the perpendiculars 
draw lines to the centre of the pidture. 

From B set off D ii equal to the width of the receding side of 
the upright, and from i, draw a line to the point of distance, 
cutting the line b in u. At k draw a perpendicular, meeting 


Fig. 27.—In this figure the two objects'are placed in a line, 
so that their faces are at right angles to the picture-plane. 

Having fixed x as the distance of the objects on the 1^ 
the spectator, set off from it x n, eqna^ to the breadth of the 
side of the object. This length is similar to i, b in Fig. 25, 
which, seen perspeotively, becomes d k. 

From x and l draw lines to the centre of the picture; and 
it is in this track that the object travels as it recedes into the 
distance. From x mark off x b, o', b, x, a, as in the previous 
figure, and from each of these points, excepthig Xf draw lines tc 
the point of distance, intersecting x c in E, e, b' e, and e. 
At X erect a {wrpendioular, and mark on it the heights Q and B. 
From Q and B draw lines to the centre of the picture. 

Now from B', c, n', and x erect perpendiculars to meet q in' 
H, I, 3, and l', and another from e will give 8 T. 

At q B draw horizontalB, and at h erect a perpendicular. 
This will gdvo the square q b v it, representing the end of the 
horizontal; and from v draw a line to the centre of the picture. 

From b' draw a horizontal, catting l c in o, and at u draw 
a horizontal, cutting u c in x. Join o r by a perpendicular. 

At b' draw a horizontal, cutting i. c in w. At J draw a hori¬ 
zontal, cutting B c in n. Join w N by a perpendicular, and 
this will complete the view of the object. 



J in N, which ■will complete the view of one of the uprighia. 
Draw a horizontal line through u, cutting the lino drawn from 
X to the centre of the picture in o; also a horizontal lino from 
E, cutting H in p. ^en the perpendicular o P will complete 
the perspective projection of thojseoond upright. 

F^uoe the horizontal B K, and terminate it by perpendi¬ 
culars tram X and o, which will give the ends q b, s t of the 
horizontal. From q and b drdW lines to the centre of the 
picture. Produce k p to meet q in v, and from u draw tiie 
perpendicular u v. q b v tr vrill be the view of the end of the 
bor^ontal, and the projection vrill then be finished. 

Fig. 26 represents the same object at a distance back in the 
pkture. Dnw lines from x and o to the centre of the picture, 
and having set off from B nn the picture-line (at a point not 
shown in ide figure) the distance wldch the figure is supposed 
to be from the picture-plane, draw a line from such point to the 
point of distance, (^e position of this line shown in the 
figure is lettered vr.) 

nie line w, intersecting B in X, will pve the required position, 
nizough X diW a horizontal, and this, mterseoting all the lines 
drawn firom the points in the foreground, 'will give the places 
of the perpendiculars in the distance, and the rest of the con¬ 
struction will be readily understood from the diagram. 


* Hie stadent is advised to fix these at dlffarest diatanees from those 
iuflMfiBiM This wlU prevent Us bbsolntely eopsing the diagrams. 


In commencing the second figure, set off from o the length 
o x', equal to the distance of the second object boyond the first. 
From x' set off b*, and all the other points as in the first figure. 

From those points draw linos to the point of distance, inter- 
sooting the line drawn from x to the centre of tho picture, as 
in Fig. 25, and from these raise porpendionlara. Then tho 
lines drawn from q, b, 'U, v to tho centre of the picture will give 
the necessary pointo'and lines for tho horizontal, and so oom- 
plete tho figure. _ 


WEAPONS OF WAll.—VII. 

BT AN OXXICXB OX TUX BOTAL ABTILIiXBT. 
,.aBEAT GUNS AND THEIB PEOJECTIDES. 

Wx now enter upon another stage of our subject. _We have 
dealt hitherto with hand-weapons—weapons to bo wielded by 
individual oombatants, and comprised within the term “ small- 
arms.” We have traced, however imperfectly, the gradual 
development of weapons of this sort, through the stages of 
swords, spears, and pikes, of arrows, javelins, and misBile 
weapons, np to tho Needlo-gnn, the Chassepot, the Snider, and 
the Martini-Henry. 

We must now tnm to g^reat gnns, and oonaidei the principal 
tyjiea of cannon in use iu this and foreign oountries. 

The same principles which have governed the ■ttoaesBlve 
developments (d smidl arms have appUod to oannon, with some 
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modifioationB or additions. Tho power of boms' able to reach 
your enemy at a oontianally increasing distance, of being able 
to strike him with greater and greater certainty, of being able 
to do him more and more harm, and of ooeompliahing all this 
with tihe minimum of inconvenience and difficulty to oneself— 
this is the problem which for several centuries tho artillerist 
has sot himself to solve; and these conditions may be said to 
ax>ply to all dassos of onbianon, heavy and light. But the con¬ 
ditions imposed in tho two cases arc very different. In tho 
ease of the Kght gun, tho object generally is to destroy men; 
in the case of the heavy gnn, although tho ultimate objeot is to 
carry destruction and dismay among tho personnel of your 
enemy, that object can generally only he iittiiined through the 
doatvuction of his matikieL. Again, while there is practically 
hardly any limit to the size of thn heavy gnn, nxoo]it tho ondnr- 
anco of tho weapon itself, tho fiuld-gnn has to bo of a weight no 
greater than will permit of its easy and rapid transport on a 
campaign, and from one part of a field to another.' liiout. 
llimo, K.A., in an interesting paper on Field ArtiUory, in tho 
“ 1‘roooedingK of tho Royal Artillery Institution,” ohsorves that 
“motion is the essential difforonoe between the two groat 
branches of tho artillery service, being as necessarily Lnoluded 
in the conception of field artiUery, as it is necossarily qjcclndod 
from tho notion of garrison artillery. Tlio latter is tho artilleiy 
of rest, tho former is tho artillery of motion; and an immovable 
field artillery is a oontrodiction in terms.” Marshal Marmont 
used to Bay,“ Lo premier murito do rarUllerio, aprits la bravunrio 
don oanoniora ct la jnstosso du tir, o’est la mobilitc.” It 
would seem that this proposition might bo fitly revorsod—for no 
amount of gallantry, no amount of acouracy, would oomponsate 
for an absonoe of mobility, {iustavus Adolphus, at any rate, 
acted npon this principle, for, as Lieut. ILmo tolls us, ho 
resolved at tho commencement of tho Thirty Years’ War to 
increase the mobility of his field artillery “ at all hazards,” and 
he aotnoUy took tho extraordinary stop of introducing leather 
guns of groat mobility, but of i]^orior accuracy as compared 
with the iron guns then in vogno. These leather guns did 
good Borvico before they dropped into disuse. 

Therefore, it is important to insist upon this fundamental 
distinction between field and garrison (or naval) ottillory—the 
necessary mobility of tho former. 

But it would not do to divide artillery into two groat groups, 
separated by a hard and fast lino. On tho contrary— while in 
the one dirc’Otton field artillery shades off into mountain artil¬ 
lery, and garrison artillory devolopes into tho monster turret 
guns, which are moved on hngo turn-tables within tho cupola 
or turret—tho two classes of field and garrison meet on common 
ground, and almost imporooptibly shade off one into tho other 
in guns of position and siege gan.s. 

If we wore required to classify artiUery at all, wo should 
adopt some such distribution as tho following:— 


1. Mountain guns. 

2. Field gu 

3. Guns at 

4 . Giege guns. 

5. Garrison and broadside guns. 

6. Turret guns. 

Most of these classt^s admit of further subdivision—for there 


f (a) Horse artillery, 
((fc) Field nrtiUory. 
position. 


arc mortars, howitzers, carrona<io.s, shoU-gBna, and guns proper; 
there are also smooth-bore and rifled guns. It is evident, 
therefore, that an exhaustive treatment of every detail of this 
largo subject is impossible within tho limi1.s of tho present 
series .of papers. We shall therefore not attempt to deal with 
each sub-division or class of weapons in detail, but will take the 
more soKont points of tiie different systems in thcj, order in 
which they occur to ue. 

Until about twelve years ago nearly all artillery consisted of 
smooth-botes. Rifled guns of groat variety and ingenuity of 
design have lieon preparod by sanguine inventors, and many of 
them have been experimented with. But tho guns of tho 
English service, like those of other nations, remained amouih- 
boMs. It may b^Bupposed that it is Tumeocseary to speak of 
smooth-bores now—that their day has gone by so completely os 
to bj'ftst them with no other than an antiquarian interest. 
Tips is not the case; it must toko many years before smooth- 
b(»es disappear from our service; for some purposes—aa for the 
fl a nk flefence of ditches, whore rouge and aoonracy arc of no 


importance, while a high velocity of projectile is of very great 
importanoe—smooth-bores will probably always be rettdned. 
Again, at this moment there does not exist a single riSod mortar 
in tho British service ; while the Americans scarcely use any 
other than smooth-bore guns, even for their flrat-olnsa arma¬ 
ments'. So that, althongh the day of rifled guns dawned some 
dozen years ago, that of smooth-bores has not yet set. 

A smooth-bore gun is morriy a hollow tube of iron, or steel, 
or bronze, or other suitable material, intended to iwojeot a 
spherical projectile. The expression “ smooth-bore ” has refer¬ 
ence, of course, to tho unriflod condition of tho bore. 

The largest smooth-bore gun in the British service prior to 
1SS8 was the (IB-poundor, so-called because the solid spherical 
shot which was discharged from it weighed 68 pounds. Tho gun 
itself weighed 95 owt.,* and it fired a charge of 16 pounds of 
powder. It is interesting to compare this, the biggest English 
gun of 1858,t with tho biggest English gun of 1871. Tho latter 
is a 700.poundur, its weight is 35 tons, or 700 owt., or more than 
ten times that of tho 08-pounder. The cluucge of the S5-ton gun 
will bo 113 lb. or 1’20 lb. of powder. Before we come to speak 
more particularly of the 35-ton gun, wo have a groat doal of 
ground to cover. But it soomed mtorcsting to show by this con¬ 
trast the strides which have been made in twelve years. All tho 
^hoavy English smooth-bore guns were made of cast-iron—about 
os bod a material as could well bo employed for ordnanoo, 
betn,nBe of its qomparativoly low resisting power and its liability 
to yield suddenly, and without warning when it did yield, and 
thus to cause what artilloiymon most dread—on explosive burst. 
However, for firing' tho comparatively low charges then in 
vogue, the oost-iron was fairly suitable. It is tnre that tho 
annals of our artillery am darkened by tho record of many 
disastors duo to tho bursting of thoao guns; but it is prubablo 
that, had it not boon for tho introduction of rifled artillory, and 
tho now conditions imposod npon tho gunmakor, cast-iron would 
have continued to be employed for several years to oomo. 

Whore great lightness wqp required—as for field-guns—■ 
bronze or “ gun-motal” was employed. Bronzo is an alloy of 
coppe* and tin in tho proportion of about 11 to 1. Tho ad¬ 
vantages of this material are its lightness, its non-liability to 
explosive rupture, its value aa old metal when tho gun is worn 
out, and tho facilities of production. On the other hand, the soft¬ 
ness of bronze has always constituted an objection to its use for 
artillery; this softness was apt to cause tho guns to become 
bulged and unserviceable with long-continued firing, and 
“ drooping at tho mnzzlo ” was a complaint to which bronze 
guns 'were considered to havo boon especially liable. 

Tho smooth-bore field-guns of the British service were gene¬ 
rally 9-poundor guns and 24-pounder howitzers for field batterios, 
and O-pounder guns and 12-poundor howitzers for horse artillory. 
Tho howitzers differed from tho guns in llirowing heavier pro- 
jotitUos with greatly reduced charges. AVhile the relation of .tiie 
charge to tlio projoctilos in tho guns was about as 1 to 3 4 or 4, 
in the howitzors tho relation was about as 1 to 9 or 10. This 
redaction of charge enabled tho howitzors, although firing tar 
heavier projectiles, to bo made thinner and shorter than other 
guns, which they tiius did not oxoeod in weight—tho 9-pounder 
gun and tho 24-poundQr howitzer weighing each about 13 cwt., 
tho 6-pouuder gun and 12-poundor howitzer weighing each 
about 6 owt. The mode of carrying those pieces, As well as 
that of carrying and mounting.guns generally, will be treated in 
a separate paper. 

Between the field-guns and tho 68-pouudor before mentioned, 
there wore a number of guns intended for a variety of purposes. 
Tho designation of theso guns was as follows:—56-pottnder, 
42-poundcr, 32-ponnJcT, 24-poundor, 18-pounder, and 12-pounder. 
The 56-poundor and 42-poundor ore fast becoming obsolete, but 
the other guns still exist in the servioo in ooneidorable numbers. 
Tho whole of those guns wore made of a weight and strength 
whi<4i permitted of tho use of solid shot or shell, with relatively 
heavy charges of powdor. l^ero wore, however, guns intended 
spooially for projecting shell with low charges; these were tho 
10-inch and 8-inch sheU-guns and howitzors.J There were also 

• There were Some of 118 owt. 

t A few iso-pounder and 100-pouuder smooth-bore guns were snlee- 
qnaotiv Introdaoed. 

t Tlie number of inohes whence those guns have tholr designation, 
Telex to the diameter of the bore. 
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pieces designed for projecting either shell or shot with very 
low charges; these were called oarronades. The charge for 
shell-gnns and howitzers varied from abont ^th to .^th the 
weight of the heaviest projuotilo; the charges for all carionades 
being fixed at abont the weight of tlio shot. 

Originally shells were not projected from guns and howitzers 
at all; they wore thrown from mortars. A mortar is a short 
pieoe for throwing shells at an angle of 45" into an enemy’s 
poaition; and for the bombardment of a town, or any largo 
area, this “vertical fire," as it is called, is terribly effective. 
Indeed, it would bo terribly effcotivo against all positions, 
if snfiioient accuracy could bo obtained to insure hitting 
the object aimed at. But the compaxatire inaccuracy of 
vertical fire—the shell describing a roundabout path to arrive 
at its object, and being therefore for a longer time under 
disturbing inftnonces than the shell from a gun—has hitherto 
constituted a formidable objection to its oxtendod use. It 
will bo easily understood that the effect of a shell falling 
mi to the deck of a ship would bo tremendous; but a ship, 
espeeiolly a ship in motion, presents suoh a small and difilcalt 
object for attack, as to ontall an immense waste of ammunition 
in trying to hit it. Tho samo objection does not apply to 
tho employment of mortars against large entrenched positions, 
towns, etc. Attempts ore now being made to introduce riilod 
mortars, by which the irregularities of vortical fire may bo, If 
not removed, at loiist diminished, while in range and general 
power Buoh piucos would bo vastly more effective than smooth¬ 
bore mortars. An interesting development of mortar-fire was 
suggested by Mr. Mallet, C.E., in 1858r Mr. Mallet proposed 
to throw enormous shelis, 36 inches in diameter, weighing 
2,481 lb., and containing each a bursting charge of 480 lb. 
(equal to noorly five barrels) of powder. Thus, the total weight 
of each shell filled was about 1| tons. Mr. Mallet also pro¬ 
posed a mortar of suitable proportions to project these monster 
shells. Tho proposition attracted a good deal of attention, and 
by Lord Palmerston’s order two of tho mortars and a number 
of the shells were supplied by Mr. Mallet for experiment. Both 
mortars and shells may bo soon by visitors to Woolwich 
Arsenal, where they form objects of curiosity and interest. 
Mortars aro designated by their calibres in inches. There are 
five sizes in tho British service—viz., 13-mcb, 10-inch, 8-iuch, 
54-incb, and 4^-inch. 

We see, then, that there existed smooth-bore ordnance suit¬ 
able for throwing prfijectilos of all sorts, and of dolivuring a 
“ horizontal ” or a “ vortical ” fire; that those pieces were made 
of cast-iron, except those intended for field-guns, which, on 
account mainly of their greater lightness, were made of bronze. 
But a gun, after all, is only a means to tho end. It is an instru¬ 
ment merely for throwing projectiles, with more or loss of 
range aJid accuracy, more or loss of ilo-itrnctivo effect. Wo 
nill therefore pass to tlin projectiles which were used with these 
pioooB, before going on to state in what manner tho range and 
acoaraoy of the smooth-bore guns has been improved upon, and 
how artillery has att.'unod to tho pitch of dosiructivo power 
which it has now ronohed. W^o will therefore proceed to treat 
of tho different classes of projoetilos whicli aro fired from 
smooth-bore guns. 

With tho exception of sueH*projectiles n.s were intended to 
break up at the inuz.do and prince on immediate scattering 
offoot, or projectiles which, lite the ground light ball, were nut 
required to have .any special accuracy, tho projectiles thrown 
from smooth-horo guns wore oil spherical, that form being tho 
one which naturally, in tho absence of rifiing, could bo thrown 
with more certainty and accuracy, and to a greater distance than 
any other. 'Che two main classes of projectiles are shot and shul 1. 
There is a third class of incendiary and miscollancous projectiles 
which must not pass unnoticed. Tho varieties of each class 
are much more numerous than persons generally suppose. 
Thus, the word “shot” generally convoys but one impression 
to the mind of the non-professional. It .almost inevitably 
suggests tho solid “ round shot ” of iron. But, in addition to 
round shot, there aro solid steel shot, and solid ohillod iron 
ahot, hollow shot, cosn-shoi, and grape-shot. The solid shot is 
the rimplest and most priinitivo form of projectile, "the object 
with which it is employed being, of oourao, tci kill or disable 
on enemy, or to batter dovni or penetrate his defences. When 
dbfwces were of briok and stone, or wood, or when troops 
fought in the open, it sufficed to make the shot of cast-iron; 


but when armour-plated defences came into vogue, it was 
neuessary to use some other material. Aooordingly, steel shot 
wore introduood for use with tho larger smooth-bore guns, with 
which some of our ships were still armed. The great cost of 
steel, however, and the suooesa which had attended tho employ¬ 
ment of tho famous FoUiser “ chilled ” projectiles (of which 
more particular mention will be made hereafter), induoed the 
anthoritios to give a trial to some solid spherical “ dulled ’’ 
iron projectiles, some of which still exist.*^ Tho chilled 
spherical projeetilos wore far from satisfactory. Their form 
was unsuitable to tho brittle material, but it was thought 
that they were somewhat mote offeotive than ordinary cast- 
iron, and they were not more o-xpensivo. The fact is, that 
no spherical shot are very effcotivo against thick armour-plates 
—at least, any ofl'ect which may bo accomplished oan only be 
obtained at a disproportionate expenditure of power, and then 
only at very short ranges. Ko smooth-bore gun con oomporo 
with a rifled gun for penetration ; because with the rifled pro¬ 
jectile, if tho weight of shot bo equal to that of tho sphere, 
the diameter will bo less, and if the dhimetor bo equal, tho 
weight will be more; and wo thus have either less work to do, 
and equal power to do it, or equal work to do, and more power 
to do it. To this must be added that the pointed form of 
head is far mure favourable to penetration than is the hemi¬ 
spherical Rurfaoo with which tho spherical shot strikes tho plate. 
Hollow shot wore used by tho navy against wooden ships at 
short ranges, in order to produco, a greater splintering effect, 
and to carry more fragments into tho vessel. They could not 
be used eflfictivoly at long ranges on account of their lightness. 
Of late years empty shells have been used as hollow shot when 
required; but at one time hollow shot constituted a separate 
projectile. 

An application of smnll solid shot, weighing 1 lb. each, must 
not be omitted. They ore thrown sometimes from a mortar, in 
charges of one hundrod shot. The shot arc jiiled loose in tho 
mortar over the powder, a piece of wood being placed between 
tho powder and shot; and against crowds of men huddled 
together, or a fleet of small boats, these jrierriarf charges of 
pound-shot aro very useful. Case-shot is used for firing at 
trooi)s in mosses at short ranges. They consist of cylindrioal 
iron coses, filled with balls. Tho case is broken by the dis¬ 
charge, and its contents are driven forward in a conical shower 
to a distanco of from 300 to 400 yards from the muzzle of tho 
gun. When cavalry are charging homo, onchen troops present 
themselves within tho rajige indicated, case-shot are terribly 
etfbctivo, and many a gallant charge has been checked, and 
many a gallatit column thrown into disorder and panic by a 
well-directed discharge of these destruitivo missiles. 

Grape-shot is intended for use on much tho same sort of 
occasions us would bo solooted for the use of case', except that, 
being made up with heavier lialls, its range is somewhat 
greater. It was also useful for cutting and destroying tho 
rigging of sliips in naval actions. Originally, grape consisted 
of a canvas bag filled with balls, piled round an iron spindle 
through tho centre of tho bog, tho bag being <lnvwn together 
between the balls, or “quilled” by a strong lino. In this 
form the grape somewhat resembled a bunch of grapes—whonoa 
its name. For several years tho quilted grape has been super¬ 
seded by grai>o of a j)attom kuown as the “ Oiiffin ” grape. 
'I'his ptit'h'rn (!on.sist.s of four horizontal iron jilates. connected 
by a spindle through the centre, and having three tiers of shot 
arrangtid betwoeu the plates. The advai,tnge.s of this pattern 
aro, that it is loss |)crishablo than Die old-fashioned grivpo, tho 
bag and cord of which were liablo to jot inul fall to pieces; that 
it is more portable, ns it can be carried in pieces, and put 
together when required; and that the parts are intereliaiigoablo. 
During the past two or tlireo years tho manufacture of grape 
has ceased, it being oonsulercd that case-shot will answer all 
tho puriioRO. 

This completes the list of shot for smooth-bofti guns. Wo 
will give in our next lesson desoripDons of tho various shells 
and other projoetilos used with this class of ordnance. 

• We reserve for tho present such rcni!irk.<i us snirgest thomsolvcs in 
coimectiou with chilled projoetilcB, until wo couio to spesk of.tho 
Fiilliser shot and shell. 

+ From tho French word jn'iriv, n stone—from a number of stones 
having bcou in early daye fired in this way instead of shot. 



THE TBOHNIOAL EDUCATOB. 


TECHNICAL DKAWING.—XX V. 

DBAwnta vsoM Bouan bkxtchis (continued). 

289 ia half the eleration, and Fig. 240 is a Tertioal seotion 
of an eqniiibriam valm ValveB of doBoription are naad in 
engines of kxge dinieniioaB, each as those n^ for pnmpisg 
in Cornwall. 

b these Talres a large extent of opening for the passage of 
steam is given with very little traverse, whilst very little power 
is reqnir^ to work the valve. 

In the example here shown, a is the fixed seat, made of cast- 
iron or braes, which fonns a part of, or is seonred to, the valve- 
ohamber. B is a bell-shaped valve-pieoe, also of brass, moved 
by a rod, o. 

Hie oontaot of the valve with its seat takes place at two 
places, a and h, which are formed into aocnrate oonieal surfaces, 
the one, a, being internal, and the other, h, external. 

When the valve is closed, these sorfaces ooinoide with similar 
ones on the scat, and when it is lifted, as shown in Fig. 240, two 
annular .openings are sunnltaneonsly formed; thus giving a 
double ingress or egress, as the case may be, to the stew, 
which enters at, or issues through, the upper opening, a, through 
the central part, d, formed in the valve-pieoe, a. 


It is hoped that these measurements having been given, the 
student will be enabled to complete the figure, and aim to draw 
the section. 

The two drawings maybe placed next to each other, as in our 
example, in which case all the vertical measurements for the 
exterior of the section may be projected by.rimply carrying 
out the horisontal lines. Or the section may be placed under 
the elevation, in whibh case the measurements for the widths 
will bo obtained by drawing perpendionlara from the widths as 
set off in the elevation. These two examples should be drawn 
to the scale of ^ an inch to on inch. 

PBOJECTIOB AND PSNSTBAT10N8 (continued). 

It is now deemed desirable to give the student another course 
of lessons in projection, and for this purpose the first subjeot 
selected is a bent cylinder. 

Fig. 241.—^Lot AB,CD represent a quarter of a cylindrical 
ring, the centre of which is at o. 

Kow if this quarter-round were out aoress the middle by a 
plane radiating directly from the centre—^viz., o o'—and the 
upper half were rotated on a pivot at E, the cylinder would take 
the ben^ form represented in the figure, for D would be moved, 
to d', and B to s'. 



The rod or spindle, c, of the valve, B, is fixed to a oentro-eye 
oast in one with the valve-piece, and connected to it by four 
arms, two of which are shown at c e. Of the other two, which 
ore at right angles to these, one is hidden by the rod c, and the 
other has been cut off by the plane of section. 

The seat is similarly formed with four arms, or deep feathers 
having an angular ring at the base, the top edge of which is 
bevelled and ground to fit the lower edge of the valve b, and 
when lifted, forma the opening shown at b. 

The student will do well to draw the whelo of the elevation 
(Fig. 289), of which only half is given in the plate; but os the 
object is perfectly aymmetcicol, there will bo but little difficulty 
in doing this. 

Having drawn the centre lino, X x, set off on each side 4|” 
for the width of the fixed seat, a, erect perpendioulors, and moke 
the seat 1” high. 

The chamfered edge of the fixed seat is g high. It will be 
seen that no measurement is given for the space above it, 
because this is variable, being the aperture shown at b, which 
would bo inoAased if the valve-chamber, b, wore raised further, 
or would be closed altogether when B descends; the depth, 
however, of the bevelled edgb of b is 

Hext follows a vertical rim, and f from this the widest part 
of (he valve-chamber starts by means of a portion of a quadrant 
of 1* radius, the width of (he ohamber being Si" in ^e upper 
part, and 4i” in the middle, the height of the wider portion 
bting Sg", and of the narrow, B, li", arms tidng to a cmitral 
boss i inch higher. 


Fig. 242.—^Ilie plan of this object is very readily obtained, 
for it will bo clear that A c rests on a drclo, and that b* d' being 
the diameter of a circle equal and parallel to ac, and seen 
under precisely similM cizcnmetances, will be represented 
in plan by the circle d" b". The diameters v u and a i being 
connected by the lines r H and ai, the plan will be oomploted. 

It is, however, necessary to ^d the plan of the section at 

y E. 

How it is evident that this section is really a circle of pre¬ 
cisely the same diameter as the«other two, therefore a perpen¬ 
dicular drawn from x will out 01 and r B in DU, which will b« 
the diameter. 

But tile section is not horisontal, and therefore its plan is not 
a circle, but on ellipse, of which t^ short diameter is the line 
N o, obtained by drawing perpendiculars from 3 and x. 

To find additional points in the ellipse, divide one of the 
circles into any number of equal parts, as r,p, Q, g, and oarry 
up iierpendicdbrs to out the elevation in &e points lettered 
^ P't q' 9- From o' describe arcs through these points, onttiag 
the section-line j K in p", q". 

From these points draw perpendionlarB, and from r,p, q, g in 
the drole draw horizontals intmecting them in p'", q"'/p"', g"'. 
The one half of the ellipse is to be traced through the points, 
and the other half is to be obtained in a predsoly similar 
manner. 

To find the curves caused by a cylinder penetrating a sphere, 
the centre of the sphere not being situated in the aais of the 
cylinder. 
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Let A B (Fig. 243) be the plan, and a' b' (Fig. 244) the elevation 
of the ejrlinder; ead let c b be the plan, and o' d' the elevation 
of the epbeie. 

Draw the tangent x f, 'whioh will be the plan of the vertical 
oirole which wonld touch the cylinder; in other words, if a 
knife were paseed ihrongh the sphere close to the cylinder, it 


H (Fig. 243) draw a perpendicular ontting the diameter 
of the sphere in the devaiion in is!, then with radius o s' describe 
the required circle. 

The plan HI of this eircle shows that it is cut through l^ihe 
cylinder in j sad K. 

Therefore, from j and k draw perpendiculars cutting the 



would leave a section which wonld be the circle s' f', which may 
bo projocted from the section-line E F in the plan. 

Kow this plane, as seen in the plan, tenches the cylinder at 
the point s, and a perpendicular raised from this point will cut 
the oirole s's' in o', g. 

Again, it will be clear that all the sections of the sphere 
parallel to X f will be circles. Therefore draw H i, which 
will be the plan of a oirole passing tiirough both cylinder and 
sphere. 


circle 0 H* in and e, and also in two pomts immediately above 
them, 3 and h. Pursuing the same method, the diameter of the 
cylinder produced will give the plan L H of the oirole l/ s', 
whioh the perpendicnlazs forming the elevation of the cylinder 
ent in N, n, f, p. 

Similar points may be fonnd for the book enrve. It will be 
snffioient to show one. The line q b represents the plan of ihe 
circular piano whioh would touch the cylinder on the opposite 
de, and parallel to i f. 
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This being yrojectorl, gives in the elevation the ciiole Q'a', 
which is out by the perpendicular drawn from s, in the points 
o'and s. 

The upper end lower ourves of penetration are then to be 
drawn through the points thus obtained. 

Fig. 24h is the plan and Fig. 246 is the etevaiion of a sphere 
pene&alcd by a hexagonal prism. Draw the complete plan, and 
project the elevation of the prism and the external form of tho 
sphere from it. 

The last study will have rendered it clear tliat the plane of 
whieh A B ie the plan, will in its elevation bo the oircla a' b', and 
therefore tho curve of ponotration on all tho sides of tho prism 
will be portions of a similar circle. 

Thus tho extremities of tho arcs c D atid e f are tho points 
where tho porjiondiculars from F/ f' cut tho circle. 

Tho curves on the sides of tho hexagon are projected in tho 
following manner:— 

Draw porpon4ioular8 from tho middle points, H and i, of tho 
aides, and intersect these by a horizontal from o", tho highest 
point in tho arc; then tho curve is to be traced through c ii' J. 
The corresponding curves vrill be obtained in a similar mtumor. 


COLOUR.—VII 

By Profesaor Cbcbch, Boyal Agricultural College, Cirepoester. 
THE Cm-TIVATION OF THE SENSE OF COBOUB—TBirLK COM- 
BINATTONB OF COLOUB—DIBTBIBUTION, BALANCE, AND 
QUAUTT OF OOLODB. 

Hayino desoribed with some fulness of detail tho relations of 
oolonrs amongst themselves and to white, biaok, and grey, we 
may now extend and apply the knowledge gained to some of 
its practical uses of a decorative kind. Directly we begin to 
study combinations of threo or more colours, and the important 
subjects of tho harmony, contrast, and balance of colours, wo 
find our ground less sure, for not only do many subjective 
influences come in to modify the objeotivo realities of complex 
oolour-oombinations, but the element of taste —to some extent 
a personal clement peuuliar to tho individual—introduces fresh 
difficulties in reoohing a right judgment. Yet it must not bo 
forgotten that taste in great measure depends upon knowledge, 
asaooiation, and onlturo, and may bo developed from very small 
rudiments by proper study. Never was there a time when tho 
opportunities for such study, in relation to taste in colour, were 
more abundant. Commencing with tho acquirement of tho 
knowledge of tho theory and tho laws of light and colour, wo 
may proceed tb study and to analyse the most pleasing and 
attractive colour-combinations to be fonnd in tho works of 
Nature and of art. Boro it is that our parks and gardens, our 
muBonms of speoimens of natural history and ornamental art, 
as well ns such art libraries as that at South Kensington, 
become of such speoial use. Tlio dwellers in a groat city, if 
shut out from the pure blue of the sky, and the foaming wldto 
of the ocean, if debarred from the wide beauties of tho open 
landscape, yet have an opjiottunity of studying the wonderful 
colours of Nature. Such ore shown in the softened tones, and 
tender hues, and metoUio lustres of flowers, birds, shells, and 
minerals, in the piotnros which represent outward facts as 
interpreted by tho intelligence and skill of man, and in tho 
thousand and one forma of deeorative art whieh so often express, 
in various degrees, the development, historical and national, of 
tho appreciation of colour. 

Wo may suitably oommenoo to apply the laws of colour by a 
leforeneo to tho effect of certain triple combinations of primary 
and other colours. Some details of this kind have been already 
furnished when we were describing the value of black and white 
in separating related colours. Orange and rod do not accord 
well together, for they are closely related by tho possession of 
many qualities in oonimon, being bright, warm, and exciting to 
the eye, and so similar as to have their boundaries confused 
when ploood together. A white lino placed between a red and 
an orange spaoe or device of colour not only serves to separate 
them, but to deejien end enrich their tone, by virtue of the law 
ct oentrast. But it dues not do this so effo^nally os a line of 
bkidc, which, affording very nearly tho strongest possible oon- 
orange and a powerful contrast with red, brightens 
both of these oolonrs considerably, without actually causing 
the whole combination to reflect more light to the eye, bnt 


rather less. Now if wo wish to separate two related colours 
from each other by the use of white or black, and these colours 
should happen to bo, like blue and violet, of a cool retiring 
quality, and loss oxoiting than orange and red, black will prove 
itself muoh inferior to white. Deep tones of blue and violet 
are so closely related to black that tho latter effects little 
towards their separation, while it is itself injured by contact 
with them, acquiring a rusty hue. But white, on tho other 
hand, while it deepens those oolonrs, renders them purer, onfl 
by itself acquiring a faint tinge of oomplementory yellow 
or orange (in obedionco to tho law of Bimultancons contrast) 
causes their differences to appear more distinctly. Still there 
is a triple combination slightly preferable to that of blue, white, 
and violet; it ie formed by tho substitution of grey for white. 
The contrast becomes less violent, and is undoubtedly mote 
agreeable. Without going through tho whole series of primary 
and secondary colours in their relations to one another, and to 
grey, white, and black, it will bo nsofnl to furnish an outline of 
the principles by which such combinations may bo classified 
and valued. Triple assortments of this kind may be arranged 
in throe groups;— 

1. Two primary colours, with (a) white, (b) grey, (c) black. 

2. One primary and ono secondary colour, with white, grey, or black. 

^ 3. Two secondary colours with white, grey, or black. 

1. Of tho first spooies of tri]>lo assortments there may be 
nine varieties, even if we limit tho list to those varieties in 
which tho oolonrs are separated by tho white, grey or black:— 

Tellow—with white, grey, or black—and red (three vnrietios). 

Bod—with white, grey, or black—and blue (ditto). 

Blue—with white, grey, or block—and yellow (ditto). 

2. Of tho sSCond species of triple assortments there may bo 
twenty-seven varieties ;— 

Tellow-with white, grey, or black—and orange (three vnriotios). 


Tellow—with white, grey, or black—and violet (ditto). 

Tollow—with white, grey, or black—and green (ditto). 

Bod—with white, grey, or black—and orango (ditto). 

Bod—with white, grey, or black—and violet (ditto). 

Bod—with white, grey, or black-and green (ditto). 

Bine—with white, grey, or black—and orange (ditto). 

Blue—with white, grey, or hlack—and violot (ditto). 

Blue-with white, grey, or black—and greon (ditto). 

3. Of tho third species of triple assortments there may bo 
nine varieties:— 

Orange—with white, grey, or black—end violet (throe varieties). 
Violot—with white, grey, or black—and green (ditto). 

Green—with white, grey, or black—and orango (ditto). 


In these lists wo have presented the simxilest kinds of triple 
DSBortisontg ip their baldest forms. Before we can form any 
just idea of their relative merit, so far as tho degree of pleasure 
they convey to the oyo is conoomed, it will bo necessary to look 
a littlo more closely at the various conditions under which those 
a.ssortmonts of colours may bo made or mot with. Supposing 
our colours to bo produced by the purest pigments, and each 
ono of them to present its charoctcrlstio depth of tone (which 
wo have previously described os its equivalent), wo shall yet 
find that tho effect of any ono of our sorios, above ^ven, of 
simple triple colonr-assortmcnt^! depends upon many minute 
particulars. Amongst those we may name, as the most im¬ 
portant, the relations of the oolouc-olomonte of each assortment, 
so far as couucnis their— 

1. Distribution, as to form and surface. 

2. Proportion or balance. 

3. Quality, a.s to warmth, brilliancy, etc. 

Tho consideration of tho texture of tho coloured material, its 
lustre, transparency, and similar physical character, together 
with the modifications of colour produced by different kinds of 
Ulumination, being deferred for the present, wo proceed now to 
say a few words as to tho distribution of tho constituents in 
combinations of threo oolonm. Tho simplest case is the presenoe 
of tho throe elements on tlirec equal and similar spaces, such 
ns a square space of yellow separated by n similar square space 
of white from one of rod; or we may have a disc of red, sur¬ 
rounded by a ring of white, and that bordered by a soooud ring 
of yellow, eaah suifooe being of equal area. Differenoes of 
area, as well as of fona, may also be taken into oonridaration. 
'The white space may be reduced to a narrow band separating 
i tho yellow and red, or it may be increased so as to form 
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Beverol strips, and then arranged in the order white yellow, 
white red, and so on. This is not only an alteration in tho 
relative space oocnpied by one of the elements in a triple 
assortment, but it involves an alteration in the way in which 
the element is distributed. The mode of distribating oolours, 
however, belongs rather to tho subjects treoted of in tlio 
“Principles of Design,” although it undoubtedly inflnonoea to a 
great extent the quality of tho colour-offoots produced in any 
assortment of hues. We will, however, say a few more words 
about the effects of tho mode of distributing colour on a surface 
when wo have touched upon tho two allied subjects of the 
balance of colour and the quality of colour. 

The balance of colour has been already alluded to in Lesson 
IV., and has likewise been oxploinod by tbo writer of the “ Prin¬ 
ciples of Design.”* The prinoiple which underlies tho idea 
of the balance or proportion of colour is that tho oye and 
mind demand for their satisfaction the presence of tho several 
elomonts of the ohromatio scale in some form or other of com¬ 
bination, and in such proportions as shall bo competent to 
re-oonstitnte white light, whitonosB, or groyncss. Hut there 
are three facts which must not bo lost sight of in studying tho 
balance of colour in any actual composition. The first of these 
facts is that our purest pigments are far from representing tho 
several colours of the spootmm, and so we can only approximate 
our groups of coloured surfaces very roughly to the proportidhs 
roquirod by theory. Tlio next fact is that this theory itself is 
merely a provisional ono. For, as wo have already pointed out 
(bob “ Colenr,” No. IV., pago 211), Professor Maxwell and other 
observers have shown that tho commoaly recoivod theory as to 
tho primary colours is not altogether true or oompetoiit to 
explain some of tho most important phenomena of colour. 
Convenient this ordinary theory oortninly is, while its defects 
do not obtrude themselves upon our notice when wo examine 
the improBsions produced by oolourod terrestrial objects. But 
wo will not go over this ground again boro, merely mentioning 
tho inhoront defootivoness of tho usual theory of the coloured 
constituents of white light, in order to point out how it is that 
we feel nnablo to claim any real or completo sciontifio basis for 
Our present views os to tho balance of colour in a composition. 
We must, however, for the present accept and utilise those 
views in default of better; but it would be improper to claim 
for thorn an unhesitating aocoptanoo or aduplion. But even 
supposing tho theory of tho balanoo of colour to have greater 
pretonsiuns to truth tlian it really possesses, there is a tliird 
fact which tends to lessen still further its value and ajiplica- 
bility—wo refer to the satisfactory and ogreoablo nature of 
many colour-combinations which glaringly transgress its de¬ 
mands. Yet the fact that the contemplation of a single pure 
and bright colour viewed alone gives us ploasnre no more 
negatives tho idea of tho greater and moro complex kind of 
pleasuro derived from an assortment of colours tlian tho sweet 
quality of a particular note in the human voioo or a musical 
instrument disproves tho superior beauty of a chord. So, too, 
just as some airs have but a very limited range of musical 
tones, yet possess a simple and quiet beauty of their own, so a 
few colour-tonos of the same scale, or a seriee of throe or four 
closely-related oolours, may give ns groat ploasoro, and soom to 
employ and satisfy tho oyn. Thoro nan bo no doubt, tlien, that 
while the ooiour-clemonts are beautiful by themselves and in 
a large number of simple co^ibinations, fresh beauties of other 
and less obvious sorts are brought out by assorting colours in 
obedience to certain principles. So far as balance or propor¬ 
tion is concerned, we may say that of the most brilliant and 
luminous oolours, snob as yellow, we need least in any assort¬ 
ment ; of colours of intormodiato power, suoh as rod, a larger 
quantity may ho used; while tho deep and more retiring blue 
demands a space at least equal to that oocnpied by both tho 
yollow and tho red. White wOl be used most sparingly, as 
being moro brilliant than yellow; and blnok ?nll likewise bo 
employed temperately, as tho deepest of all tones, and giving 
tho most violent contrasts possible. Here it is that tlio im¬ 
mense value of grey and tho tortisiy hues is oepncinlly felt. 
For suppose wo desire to convey soma partionlnr impression 
by a oolour-Bssortmont, we can often do so, without widely de¬ 
parting from tho balaueo of colour, by introduoing grey into 
tiio assortment, cither by itself or mixed with a colour, so os to 


produce a “ broken tone.” Thus, if wo desire a quiet but not 
cold assortment of oolours, wo may mix with our yollow enough 
grey to turn it into citrine, and then the oomplemontary violet, 
which in a binary assortment is the other necessary constituent, 
will not produce so striking a contrast us with the original 
yellow. Wo may, also, thou inoreoso tlio proportion of snrfaco 
covered by the citrine, so as to Ughton the wliolo effect. In such 
a combination, white, too, may be iutrodneed with moro satisfac¬ 
tory efibet, os it accords hotter with yellow when the latter has 
been made loss brilliant by admixture with grey tlian it does with 
pure yollow, which too much resembles it in brilliancy. In con¬ 
sidering tbo bidanco or proportion of tiiia or any such arrange¬ 
ment, or of those arrangements in wbioh there is a manifest defi- 
cinnoy of some one oolunr-olement, it should not be forgotten 
that we have continually occasion to devise combinations of 
colour which are nol intended to stand alone; indeed, it is 
ueimlly impossible, evon if it were desirable, to isolate the oolonr- 
assortmonts of natural or artificial qrigin. Tims tho very elo¬ 
monts which may bo needed to supply tho chromatic balance in, 
say, an old blue and white jar of the porcelain of Nankin may be 
furnished by tho deep brown stand on which it is placed, or by 
the furniture or paper of tho room. Wo mnst not, then, expect 
in all the fixed or movable decorations of a liouso that per¬ 
fectly balanced proportion which tho whole of them taken 
together may offer. Tho position, use, and material of each 
coloured object will nocossitate a particular preponderance of 
certain colours, while a perfect colour-balance in each part 
would constantly lead to a very imperfect one in the whole 
system or arrangement. 

Something has already been said of tho qnality of colonrs, as 
influencing our estimation of tho valno of thoir several assort¬ 
ments. Wo here return for a short space to this snbjoot. In 
doscribing the primary and secondary, wo have shown that 
thoir fullest and purest tones differ greatly in different cases. 
No tone of yellow can be obtained of equal depth with tho 
corresponding tone of blue. Tho brightness or briUianey of the 
yollow will always cause it to contrast, not only so far as tho 
tone is oonoemed, but also in relation to colour, with the blue. 
To deepen the yellow we must mix block with it, turning it 
into brown. Colours such as green and red may bo obtained of 
full tones'and yet equal intensities, so os to offer no contrast 
of tone, only ono of colour. The inWent brightness or sombre- 
nesa of colonrs forms, thou, ono of thoir most important quali¬ 
ties when they are introduced into oombinations or assortmonta. 
Of oourso, the qnality of colours is variously modified by admix¬ 
ture with other colonrs, or with white, grey, or black. ComM- 
mations of secondary and tertiary colonrs and hues, while 
influenced by tho same principles of distribution and balance 
as thoso just laid down, are less capable of yielding discordant 
and unsatisfactory assortments. Tho contrasts between them 
are loss violent, while their assortments admit of moro varied 
treatment and moro subtle expression. Wo sbaU bavo ocoosion 
to notioo the great value of sovoral of the more indefinite and 
mixed hnos in tlio remaining papers of this series. 


BUILDING CONSTRUCTION.—XIIT. 

JOINTS IN TIMBEE (cnnKnwrtl). 

In the present lesson wo oontinuo tho instniotions oommenood 
in our last for joining pieces of timber together. Tlie import¬ 
ance of ascor^ning the best inrrthoda by which separate 
pieces of timber may bo joined together so as to present tho 
greatest amount of resistance to pressure, whether vortical or 
lateral, cannot be insisted on too much, for it is clear that 
considerablo injury might rc.sult from tho adoption of a de¬ 
fective mode of making a joint. It is in coses of this kind that 
technical education becomes so strikingly apparent. Of two 
kinds of joints, ono of which presents eevtain moclmniual 
odvantagos, an unskilled or rather untaught workmnn will 
select that joint which happens to suit bis fancy, wlulo tho 
skilled workman will at onoo adopt that which he can see will 
bo most effective from a meohanical point of view. 

Fig. 105 shows a mode of longthoning timber, first by means of 
haloing, and additionally by a dovetail. This joint is supposed 
to be supported from below, as in tho caso of a wnD-plato, eto. 
The dovet^ gives this joint power to resist any tension whioh ^ 


* TsoomcAn Educatob, Yol. I., p. 221. 
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might tend to pull the parte aemider, and also etiengthena it' 
Bgainat lateral pressore. 

Figi. 106 and 107 are two forma of acarflng which ate very 
generally need. The prineiplea of aoarflng having been folly 
explained, it ie not neceaeaiy to repeat them here. Fig. 107 
ehowB the " sally,” or point given to the end of each port to 
resist lateral pressure. 


the sally at the end mnst be formed by a very obtuse angle, and 
the edge of the points, and of the ports which receive them, 
most be worked very tme, or there will be a ohance of the wood 
being split by vertical presanre. 

- Figs. 109 and 110 are joints used tot lengthening timber 
when snpported by colnmns or walls. 

We now proceed to speak of joints properly so called. 



Fig. 108 is a joint effected by a tongue or tenon in the one 
port (if) fitting into a mortise or slit of similar width in the 
other (a), Ihis is oonsidered. a very good joint when the beam 
so joined is snpported by a ooinmn underneath the joint. In 
nuA eases it may te placed on its narrow side, so that the 
width of the tongue may be vertical. The sides of the part a 
than strengthen ^e beam against laiteral strain. This m^od, 
too, is found very effective when used vertically, there being no 
poaidbUity of the ports slipping over eaoh other. In this ease 


Where two pieces of timber of equal thickness cross eaoh 
other, and the joint is to be fiuth —viz., the pieces when joined 
are to form a flat surface—^thsy ore halved together; t^t is, 
a piece is taken out of each of half its thiok^s and of the 
breadth of the piece which is to cross it, and thus the one drops 
into the other, as shown in Hg. Ill, and pins are than driven 
through both. 

When a joist is to rest on a girder, the joint is said to be 
“notched in” US), pieces of an oblong form being taken 
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oat of the oppoute upper edges of the girder or lover joist, and 
a piece (a) is tehen out of the lower ^ge of the upper timber 
equal to the piece (b) left standing in the middle of the girder. 
The upper one then drops into the notches. 

When the beams stand square with each other, and the 
strains ore also square with the beams, and in the piano of the 
frame, the common mortise and tenon is the most common 
junction. Tliis is shown in Figs. 113 and 114, and will not re> 
quire any explanation. A pin is nsuolly put through the joint 
in order to counteract any force which may tend to separate 
the pieces. Every carpenter knows how to bore the hole for 
ibis pin, that it shall have the tendency to draw the tenon 
tightly into the mortise, thus cansing Ihe shoulder to butt closely 
without the risk of tearing out the piece of the tenon beyond 
the pin if he draws it too much. Square holes and pins are by 
far preferable to round ones for this purpose, bringing more 
wood into action with less tendency to split it. A joint of this 
kind often used is that called “ foxtail joint,” the peculiarity 
of which is that the mortise (Fig. 116} is not cut through the 
wood, and still the tenon is firmly wedged in. The mortise is 
cut wider at the bottom than at the top; the end of the tenon 
(Fig. 115) is then slightly split in several places, and wedges 
ot hard wood are inserted; the tenon is placed in the mortise, 
and the piece driven in with the mallet. As the broad ends of 
the wedges are forced against the bottom of the mortise tllby 
split the end of the tenon, which thus spreading out fills up 
the wider port of the cavity. In order to prevent the wedges 
splitting the piece beyond the shoulder, the outer wedges placed 
near the edge of the tenon should !;« very thin, and project 
further than the others; the succeeding pairs should be rather 
thicker as they follow inward, and should stand out from the 
end loss and less. Now it will be clear that a and b will touch 
the bottom first, and as they oome into action will split off a 
very thin slice, which will bend without breaking; the wedges 
c and d will act next, and will have a similar effect; thus, the 
rest, as they como into operation, will be prevented splitting 
the tenon further than is required. The ihickness of all the 
wedges added together should be equal to the difference between 
the width of the mortiso at the top and at the bottom. 

The binding joists of a floor are mortised into the girder. In 
this case the tenon should be as near the upper side as possible, 
because the girder would, in the event of its yielding to any 
strain, become concave on>that side; but as this exposes tho 
tenon of tho binding joist to tho risk of being torn off, it is 
necessary to mortise lower down. Tho form of mortise (illus¬ 
trated in Fig. 117) usually given to this joint is extremely 
judicious. Tl>e sloping part, a, gives a very firm support to the 
additional boaring, a <1, without much weakening the girder. 
This form should be adopted in every ease where the strain has 
a shnilar dircotion; « is a pin driven in from tho top of the 
•girder through tho tenon, which gives it additional seonrity. 

The joint that most of all demands careful attention is that 
which Donnects the ends of bosms, when one pushes tho other 
very obliquely, putting it into a state of tension. Tho most 
familiar instance of this is the foot of a rafter pressing on the 
tie-beam.* When the direction is very obliqne (in which case 
the extending strain is tho greatest), it is difficult to give the 
foot of the rafter such a hol^of the Mo-boam os to bring many 
of its fibres into the proper action. There would be little diffi¬ 
culty if we could allow thei^end of tho tie-beam to project a 
small distance beyond the foot of the rafter; but, indeed, tho 
dimensionB which ore given to tae-beams for other reasons are 
always sufficient to pvc enough abutment when judiciously 
employed. This jmnt is, unfortunately, much subject to failure 
by the effects of the weather. It is much exposed, and fre¬ 
quently perishes by rot or by becoming so soft and pliable that 
a very small force is sufficient either for tearing the filaments of 
the tie-beam or for crushing them altogether. 

Long tenons to the ends of rafters ore not now so much used 
as they formerly were. They have been observed to tear up the 
wood above them, and thus to push their way to the ends of the 
rafters. Carpenters, therefore, now give to the toe of tho tenon 
q shape which abuts firmly in the direction of tho thrust on 
solid bottom of the moitise, which is well supported on the 
under side by tho wall-plate. This form, which is represented 


* The parts to which these names apply will be found in a future 
lesson. 


in Fig. 118, has tho farther advantage of having no tendency to 
tear up the mortise. Tho tenon has a small portion (a) at its 
end cut perpendioulaT to the surface (b e) of the tie-bei^ and 
the rest (d) is poipendiealac to the length (ef) tho rafter. 

Fig. 119 is another form of tenon for the foot of laftRs. 
Here the whole thickness of the rafter is brought into service, 
and tile end a b, cut so as to make a right angle with the sur¬ 
face of the tie-beam, is sunk into it, the line c gradually slant¬ 
ing down to d; the tenon edb e, then, whilst it is the whole 
length of the part of the rafter entering the tie-beam, is only a 
part of its thickiiosa ; and, as will be seen in the illnatration, 
the end of tho rafter and tenon, a b, forms a perpcndioidar with 
the upper surface of the tie-beam, whilst & e is at right angiM 
tab a. 

This joint is common on the Continent, but has boenohjeotod 
to by some carpenters on the ground that, shonld there be any 
shrinking in the king-post whioh should allow it to sink, the 
rafter would turn on the point c, as on a pivot, and tihe point 
b, describing on arc, might push up the wood above it; bat this 
does not seem very likely. It is quite impossible, within tho 
limits of the present lesson, to dwell longer on this depart¬ 
ment of woodwork; but enongh has been said to give important 
aid to the student of that branch of Bmlding Constmotion. 
The jointB by whioh tho ends of rafters abut on the beams are 
often bound by iron straps. These will bo shown in the illus¬ 
trations oonne^d with roofs. 

Fig. 120 shows a joint of a similar character to Fig. Ill, but 
more complex in its working. It is not adapted for large works, 
being stiU more weakened by tho ontting away of the pieces at 
the aide. 

Of course, the joint is only half as strong os the timbers ori¬ 
ginally were, owing to half the thlokness of each being taken 
out. If, therefore, they are of any considerable long^, the 
joint must be supported. 

Fig. 121 shows tho method of halving when the timbers cross 
each other at any angle, and Fig. 122 is a separate 'new of one 
of the parts. 

Fig. 123 exhibits two methods (a and h) in which timbors can 
be united at right angles to each other when they are not to 
cross. These UlostrationB are too plain to need any explana¬ 
tion. 

Fig. 124 ia one of tho numerous methods for uniting timbers 
at on angle of a bnilding by means of a dovetail joint, by which 
moons the end of each is locked into the end of iiie other. 


TECHNICAL EDUCATION ON THE 
CONTINENT.—XIII. 

THE NETHEBIiAKOS—COKCLtJSIOK. 

BT B. A. DAVIDSON. 

As a preliminary to all we have to say in relation to the educa¬ 
tion of the Netherlands, it is well to state that the Dutch law 
provides that there shall bo at least one technical school to 
every 10,000 of the total population, for instrnction in drawing, 
modelling, ote., in addition to tho other branches of general 
education. 

These schools consist of (1) day and evening classes, in which 
workmen, their children, and apprentices receive instruction in 
mathematics, meAianics, chemistry, and natural philosophy; 
together with such sciences as boar immediately on tto indns^ 
of the district; geography, history, drawing—sound and practical 
in its character; modelling in clay, carving in wood; and in 
some, English, French, or German. (2.) Higltor schools, for the 
education of mastfCrs, managers, and the trading classes gene¬ 
rally. In these, the course of instruction embraces the higher 
branches of soienoe, whilst the Royal Polytechnio Institution, at 
Dolft, is an industrial university whioh may stand a very fair 
comparison with thoso of Hanover and Darmstadt, giving oa it 
docs an education in tboorotio and applied science to sneffi an 
extent, that it supplies the best trained engineers, naval and 
oivil architects, and other professional men to tho country. 

Tho state of middle class and toohiiioal oduoatiou in tho 
Netherlands was well illustrated in tho International Exhibition 
held in Amsterdam in 1860, where a good ooUeotion of draw¬ 
ings, busts, models, eto., was displayed by a large number of ^ 
aohools, and was mngularly complete and satisfoototy. j 
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This colloction vroU arranged by itself, and formed one of 
th6 most striking foatnres of the exhibition. The three Govorn> 
mont insxKictorB of this class of iustmotion in Holland hod in¬ 
vited all the schools under their control to exhibit, and upwards 
of forty had responded to the invitation. Of these, four wore day 
and evening schools, sixteen wore evening schools only, four 
schools of art, and sixteen were drawing schools, besides various 
trades and industrial schools in Amsterdam. 

The works were divided into four classes:— 

(o.) Drawings from Nature. 

(I>.) Drawings from copies. 

(e.) Bectilinear, architectural, and technical drawings from 
copies and models. 

(d.) Designs for buildings made by the pupils themselveB. 

The number of drawings sent up for exhibition was so groat 
that the inspectors were eompeUed to exhibit soloctions only, 
the remainder being loft in portfolios and boxes piled under the 
tables; yet a oomxdete day spent in looking tharongh these was 
BO much time very profitably spent to any one interested in the 
subject of drawing taught on a sound system. It must bo re¬ 
membered that wo are not here speaking of drawing in oonnoc- 
tion with fine art, we are not treating of the education of 
artists, but of workmen; and therefore the question of value is, 
how far the studies apply to the different walks of industry, 
how far they fall short of, or, what is worse, shoot beyond the 
proper standard. 

There is no doubt' that in some of the Continonihl schools 
manipulation is carried muoh boyoud the required point. The 
object, after aU, is not so much to moke a nation of painters as 
to train np a body of skilled artisans, capable of building the 
best bouses, doing the best carpentry, iron-work, etc., and 
blending the best colours in painting, in carpets, in prints, or in 
wall papers; therefore, olearness and boldness in delineation, 
correotuosB in form and depth of shadows, correct contrasts, 
and tasteful blending of oolonrs, are the points to bo looked to 
as of infinitely more importance than any amount of finish; 
whilst in design, no form, however beautiful in itself, is of thn 
slightost v^oe if not adapted to the purpose for which it is 
intended or to the material in whioh it is to bo manufactured. 

One of the earliest schools for technical iustruotion in the 
Netborlaiids is that of the Society MiUliesis Sdentia/rum Gem- 
trim, of Leyden. 

3^us society was established as early as 1785, by the Brothers 
Van Campen, Pieter Byk, and Bnrtholomous Van der Broook— 
all orchiteots, land moosorors, and otherwise practical men— 
and to those belongs the honour of having first detected 
the nocessi'fy for soieutifio instraotion for the working classes 
in their country. Prom the path of utility traced for this 
institation by its founders, Bucoessive govoniors and patrons 
have never swerved, but have constantly introduced every novel 
educational applianoe, sueh os the Dupuis or Festaloszian 
methods, eto.: tliis suhool has persevered for eighty-three years 
in its endeavours to create good citizens and skilful artisans, and 
at this hononred work it continues to labour with great sucoosa. 
One of the most important orgauisatious for this object is the 
“ Soolety for Promoting tlie Interests of the Working Classes at 
Amsterdam” (Kfaatrkajipi voor den Werkenden Stand), which was 
eatablished in 1854, and whioh is now working with the greatest 
Bueoess, its patron being the Prince of Orange. 

This Booiety promotes in every way the intorosts of its contri- 
bnton! (1) by giving Boientiflo and practical education to the 
young; (2) by aasistiug as far os possible in the social, moral, 
and intelleotnal development of the working olasses. 

The number of contributors u at present 650, at a yearly 
Buhsoription of 8b. 4d.—^not quite 2d. per week. 

The objects of the soeiety are attained in various ways;—1. 
The Scavenger’s Brigade. On very moderate terms the public 
roods and thoroughfares are swept and cleaned, thus procuring 
employment for many persons, and improving the sanitary con¬ 
dition of the town. 2. Tho Benevolent Fund, affording relief 
to Workmen temporarily disabled, by accidents happening to 
^em in the exorcise of their trade. Only workmen employed 
by oontributore have any real right to this relief; in many 
oasts, however, the fund has also assisted the widows and 
otphaas of other workmen killed by aocidenta. 3. Procuring 
employiiient for needlewomen. This division aots by giving 
fiasteaotian in tho use of sewing-maohines, and providing sndh 
^^or indigsnt women who repay the fund by weekly instal^nts. 


4. Looturos for tho working olasses, established in 1866. 
During tho winter of 1870 fourteen popular lectures wore deli¬ 
vered to persons of both sexes, tho number of visitors varying 
from COO to 1,000. The subjeots had reference to physios, poli¬ 
tical and social economy, moral pMlosophy, the art of teaching, 
history, literature, musio, and the arts. Besides the above, four 
lectures were given on natural philosophy expressly for work¬ 
men, which wore attended by 400 of the class for whioh they 
wore intended. 5. Tho society has also organised exhibitions 
of the works of lutiisans, has awarded medals to sueh as hod 
distinguishod thomsolvcs in other exhibitions, defrayed tho 
expense of a visit of a body of working men to the Paris Exhibi¬ 
tion ill 1867, and by rewarding suob as by honesty, industry, and 
fidelity remain for a lengthened period in tho same employ. 6. 
Tho school for workmen’s sons, whioh is tho most interesting— 
wo may say tho most important—of tho various agencies; and as 
some of the results attained were exhibited in 1870 at the 
Working Men’s Exhibition in tho Agricultural Hall, London— 

[ whore, no doubt, they wore seen by many of our rmiders—an 
account of these schools will bo well received. The schools 
wore established in the year 1861, and receive a subsidy from 
the city of Amsterdam. 

In the year 1866, King William III. presented tho sohool 
wirii a largo and important colloction of models, inqiloments, 
and tools. New buildings wore erected in the following year at 
tho WotoriiigschamB, on which occusioji there was a groat mani¬ 
festation of public sympathy in favour of tho school, Prinw 
i’rodcriek and tho Government of the province taking port in 
tho proceedings. Thore'nre 125 pupils, of ages varying from 
thirteen to sixteen years, tho sons of working men, and there 
are thirteen teachers; those in the practical works being aptual 
artisans, who, having studied tho soiontifio branohes, become as it 
wore “professor oarimntcrs,” “professor smiths,etc." The course 
of studios comprahonds free-hand, linear, meohanioal, architec¬ 
tural, and model drawing, together with bold and broad shading 
from objects, and xiractioal design; but tho system of drawing cm- 
brawa more than tliis, for, besides tho drawings exhibited on the 
walls of tho building, there was a portfolio of drawings whioh 
it is not ton muuh to say, speaking edueatioually, was worth its 
weight in gold. There were largfo architectural plans, elevations, 
sections, and working drawings, projections of every kind, re¬ 
lating to tho work of the carpenter, builder, engineer, etc. To 
look through those alone was a lessfin in tho class of drawing 
uecossury for the artisan. Hero were wheels single and in gear, 
screws of every kind, developments of surfaces, forms of i)ene- 
trations, such as one could see must have been worked out by 
pupils who understand what they are about—^they could not 
have been copied. 

Then they learn physics, algebra, mathematics, mechanics, 
building and mechanical construction, carpentry, forging, turn¬ 
ing, embossing, carving, etc., being kept to study from eight* 
a.m. to eight p.m., with an interval at noon; but it must not 
bo supposed that tho whole twelve hours are spent in actual 
study. Everybody who has aeon any of those boy workshops 
must have noticed the intense delight tho young artisans taka 
in the work. As a rule, all boys are fond of m a n ual work of 
some sort, from cutting out boats jrith their knives from pieces 
of firewood, to making models of steam-engines; it is, there¬ 
fore, only utilising their powers, and turning them into a direc¬ 
tion which may assist them in theif fntnre career. The whole 
system was brought before the pnblio in sueh a tangible form, 
and was so ably explained and so courteously exhibited by 
the representatives of the Boyal Commission, that the rnemoiy 
of tho admirablo collection and tho instruoiion to bo derived 
therefrom will long dwell on the memory of all who are 
interested in technical education. Amongst tho actual work 
exhibited by the pupQs in these schools were numerous pieces of 
carpentry and joinery, a portion of a staitease of tho real size, 
joints in timber as used by both carpenters and jewers, methods 
of trussing beams, sash-frames, panelling, mitreing and dove¬ 
tailing a bookcase with carved open-work, a model of a timber 
roof, with its trusses, purUns, rafters, —^not only comply, 
but absolutely conW in every partionlar—^part of a spiral 
baJiistor tail (and every joiner who roads these lines will appre¬ 
ciate the dfflcultieB of these), exquiritely feraed and join^ 
There were some good turnings in wood, arohiteotnral modelling 
in clay, and several exoeBsnt timber oonstruotions. Next came 
tho work in iron, good as to Its easting, f orpng, hammering, and 
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filing, and all aysIbemsitioBlly taught, &om the riveting shown 
in a oommon rough iron pail, to an admirably made ornaments 
iron railing: tools and implements, filing, pnnohing, ohasing, 
and beadi^, aU equally well displayed. We use these words 
advisedly, bMause wo do not wish to be mistaken—^wo ate 
speaking of educatiun, not of trade-, we say, therefore, the boys 
are learning these branches, and that these exhibits are portiona 
of their daily work. They are not made for show, they were 
not exhibited in oompetitian with the work of experienced arti- 
sans. Tot let us oak any foreman or employer to pause and 
ask himself whether he would not find a youth who came 
to him as an apprentice more useful than the mere “ gawky ” 
sohool-boy, who outs his fingers the first time he touches a tml, 
and who s^ks work becauae he is afraid of dirtying his hands; 
and we put it to tbs common sense of the whole country, 
whether, if a boy begins his approntiuoship with first the scisn- 
tifio education which those little Uutehmen got, and then the 
manual skill, they will not bo able to devote themselves to 
higher things, and work out their faculties which would other* i 
wise have remained dormant, and wiU thus develop the powers I 
given them by an Almighty Creator to His honour, and to the ' 
credit of their native land. 

Wo have in these articles spoken of the technical universi¬ 
ties, of the classes for artisans, and the schools fur boys; yfo 
approach the lowest stage, yet that lowest stage must not bo 
nogleotod; and as in starting wo said that the most elementary 
education should have a tendency to practical purxiose.s, it may 
amnse us woU as instruct our readers—and it is as well to leave 
a smile on tiio faces of those instructed as to cause them to feel 


the engine, until the cylinder becomes thoroughly heated. 
Almost all oondensation will then ocosc, and they should at 
onoe be closed again. If the cylinder is exposed to the 
air, it loses heat by radiation, and therefore th' a.’nount 
of oondensed water is largely inoreased. This waste may, 
however, to a very great extent, bo obviated by jacketing 
the cylinder—that is, covering it with some non-condneting 
substance, which prevents the radiation of tho heat. Felt. 


or some similar material, 
is usually employed for 
this purpose, and outsido 
this strips of wood are 
placed, and held in posi¬ 
tion by brass bauds, which 
give a finished appooranoo 
to tho whole. 

Tho under side of tho 
piston is soinotimcs nearly 
or quite even; more com 
moiily, however, it is Con¬ 
siderably hollowed out, to 
allow tho nuts for adjust¬ 
ing the packing-springs to 
be got at easily, or else 
tho end of the piston-rod 
projects a little way whore 



Fig. 83. 


its nut is Bcrewsd on. In these cases tho lower end of tho 


cylinder is so shaped as nearly to fit it, and thus to obviate 
an unnecessary waste of tho steam. Tlie interior round the 
ports is also cut away a little, so as to allow tho steam to pass 


relieved tlmt such a heavy loason is over. Wo will speak then 
of tochnicul instruction to habiee, and we will go to Belgium 
for an illustration of sneh a system. lioro wo shall find 
the Orickc Heole Gardienne, which has just entered on tho 
twenty-third year of its usefulness. It takes charge of every 
baby brought to its doors, irom tho ninth day alter its birth to 
its thirteoutli year, and it is divided into three dopai-tmonts: 
(1) tho Crdclic, in which babies arc kept on payment of six or 
twelve cents, a day, according to ago, or gratis if indigent, 
until they attain the ago of thirty months; (2) tho Srulo 
Qardiennc, to which they are transferred, and where they are 
attended to gratis, or for an additional one or two cents, 
a day. Hero they remain until their seventh year, when 
they ore transferred to tho third and highest division, the 
Bceiion Profcsiionelh, oitlior gratis or on payment of an ad¬ 
ditional two, fonr, or six cents. j)cr diem, according to their 
ago. On attaining their thirteenth year, tlio boys are appren¬ 
ticed to trades, and the indigent girls arc put into Government 
Bohools of extended primary instruction, whence they take 
service or axe provided for us sohoolmistrosses. 

tin the medium division, from thirty months to six years of 
age, straw-plaiting, twistiiig paper, folding and cutting paper, 
rough drawing, and modelling are taught. In tlie ficolc Pro- 
fesaUmeUe, reading and writing, tho elements of arithmetio, 
grammar, and hluropcon geography, with a little natural history, 
are taught. In the oose of girls, needlework of different kinds 
is added; with boys, dnvwing, modelling, etc., are pushed to 
greater perfection. * 

Tho limits of our papers have been reached, and wc can only 
mention that similar systems te those described are carried out 
in Bavaria, Austria, Switzerland, Sweden, Denmark, Italy, etc., 
and it is most satisfactory to know that in our own country 
toohnical education has taken such root that at no very distant 
date we shall rival and, let us hope, outstrip our Continental 
brethren. 


THE STEAM-ENGINE.—YI. 

By T. ai. WioiriE. B.A. 

THB OTLiMDUB (coniinuei )— btupi'ino-box— sums valves. 

WSBM tho cylinder is cold, as at starting, a portion of tho 
steam oondensoa on its inner surface, and settles ns water in 
its lower part. This, if allowed to oeenmulato, would very 
materially interfere with the working of the engine. “ Blow- 
off oockiB ” ore therefore introdnood to oany off the condensed 
mioT, and through those ‘some of the steam is allowed to 
escape. They should be opened for a little time when starting 


below the piston when the latter is at tho end of its stroke. 
Were it not for this, the piston would oomplcioly cover the 
port, and thus the engine would not act unless tho fly-wheel 
luid snfficient momentum to raise the piston a little way, .^aid 
allow an entrance for the steam. * 

In tho centre of tho cylindcr-eovor an aperture is out for tho 
]>iston-rud to pass through, and this hue to be packed, so as to 
allow of tho rod moving up and down without oxecssive fric¬ 
tion, but at the same time to prevent any leakage of the steam. 
'I'liis is aocomplislied by means of a “ stuJliug-box,” tho con¬ 
struction of which will bo understood from hig. 28. The 
apei-ture in tho cylinder-cover is of larger diameior than ■ he 
]iiston-rod, so as to avoid tlie friction of iron against iron. A 
cylindrical cup or box of larger diameter is then fixed to the 
cylindor-cuvcring over tho opening and this is filled with 
plaited hemp, or some similar material, well lubricated. A 
cover is littod to the upper end of the stufiing-box, which can 
be foroed down by means of a screw, so a.s to compress tho 
packing to any required extent, and in Uiis way the effect of 
wear is easily obviated. 

This packing must bo kept sufficiently charged with oil or tallow, 
otherwiso the steam will escape; sometimes, however, the oil is 
[ volatilised by tho steam to a limited 
extent, and is found to injure the 
piston and cylinder. A self-lubri¬ 
cating packing has therefore been in¬ 
troduced, which has mot with a good 
deal of approval; in tho figure the 
stuffing-box is shown as packed with 
this. • 

Before inquiring into tho manner in 
which the alternate motion of tbo piston- 
rod is imparted to the machinery, we 
must BOO tho woy in which tho supply 
of the steam is so regulated os alter¬ 
nately to enter eaoh end of tho cylinder. 

This may, as we have soon, bo effected by 
means of cooks, and in tbo first engines 
made it was accomplished in tliis way. 29. 

This plan, however, soon wont out of 

date, and some modifioation of the sUde-valvo is now most 
generally adopted. In some eases spindle or “ puppet ” valves 
are employed. 

The simplest form of slide-valve, and that which will best 
explain its action, is that known os the ordinary “ three-port ” 
slide. At one side of the cylinder is a true surface, called 
the “valve facing,” in which there are three parallel apor- 
tnres, b, b, and A (Fig. 29}; of these, B and A oommunicate 
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mipeotirely with the upper uad lower porta of the cylinder, as 
will be BOOH in Fif. 30, where the same letters ere employed. 
The oentre (qaenintr, i, ia the largeet one, and ia known as the 
“ ezhanatit oommnnioatea either with the oondenaet or the 
atmosphere, aooording as the engine ia a oondenaing one or not. 
llte TfdTe, T (Fig. 30), alides over this facing, and thna allows 
B and A alternately to oommnnioate with e ; the 
ether port in either oaee being open for the 
paaaage of steam horn the boiler. Firmly se* 
oared to the valve-facing is a kind of steam- 
chest, a d, into which the steam-pipe, a, opens. 

This cheat is called the valve-casing, the valve 
being entirely within it. In the top and bottom 
of it are atnffing-bozea, throagh which the valve- 
zod n paMes steam-tight. This rod is firmly 
aepnred to the valve, and imparta motion to it. 

It is connected to some pi^ of the engine, 
nanally the eooentrio, and is than moved np and 
down BO as to allow the steam to enter at the 
right port of the stroke, for, as will easily be seon, 
this ia of the ntmost imporianoe. In Fig. 30 the 
X>uton is just commencing to descend, and the 
valve-rod ia very nearly at the bottom of its 
stroke, so that when the piston has passed a little 
way down, both the porte b and a will be fully 
open. The steam wiU then pass from B by the open 
port B, and press on the upper surface of the 
piston, while the steam which filled the lower part 
of the cylinder during the up-stroke escapes by a 
into the ezhanat, and thus allows the piston to 
descend. By the time the piston has reached the lower end, 
the valve-rod has been raised about twice the width of the 
rubbing surfaces, T v, so that now A is open to the valve-casing 
for the steam to enter, while the upper end of the eylinder is in 
communication with the ezhanat by means of b and the valve. 

In Cornish engines the valve-rod is very frequently moved by 
tappets placed on it, which are 
caught by studs on one of the 
enpne-rods, and thus the valves 
are opened and closed almoat 
ioitantaneonsly. When, as is 
more commonly the ease, mo¬ 
tion is imparted by the eooen¬ 
trio, the movement is mnoh 
marc gradual. By altering the 
length of the faoes of the ^ve, 
the eteam can be ont off at 
any required jmrtion of the 
strake, and thne allowed to act 
ezpansively, as it is termed. 

We may,for ezample, so arrange 
it that when the piston is at 
the middle of its stroke, the 
further entrance of steam is 
stopped, while the other end 
of cyliuder etill temaine 
open to the ezhanst. 

The steam oontained in the 
npper end of the cylinder will 
Hbaa poesoBB snfBdent ozpan- 
oive foroe to drive the piston 
oompletely down, thongh of 
oonrse with less power than 
would be the case were the 
steam entering all the time. 

At the oonolnsion of the 
stroke the steam in the cy¬ 
linder will possess only hidf 
the tensior it did at the moment at which the supply was 
arrested; the second half of the dmoent, however, has been 
affected without ttty further ezpenditure elt steam, and there¬ 
fore all the power produced by it is so mnoh additaoual 
advantage. There is evidently, than, a considerable gain by 
arRhing the engine ezpansivoly, and in many oases the steam is 
out off at a quarter, a sizth, or even an eighth of the stroke, 
the steam in these oases being used at a very high pressure. 
All these alterationB are very eaoly effected I 7 slightly modi- 
^rtng itie valve. 


Sometimes a oompound sUde-vtive ia used which ia capable 
of adjustment, so ^t the steam oan be cut off at any part 
of the stroke we desire, and in other oases the govetnor-balla 
are made to act on this ezpansion gear, and in this way regu- 
late the speed of tho engine by altering the period of Ue 
stroke at which the steam is cut off, instead of moring 
the throttle-valve. To ezplam thoroughly the 
construction of these valves would, however, re¬ 
quire far more space than we oan spare, and 
ia scarcely essential to a full understanding of 
the engine. 

The valve is usnally so arranged as to give 
what is termed a “ 1 ^;" that is, the steam- 
port ia opened a lifUe before the tetminatien 
of the previous stroke—thns, if the piston ia 
ascending, the npper steam-p^ B ia opened a 
little way before tho np-stroke is quite com¬ 
pleted. The steam entering this serves partly 
as a buffer or spring, and atops the piston more 
gently; it also bUowb the lower end to communi¬ 
cate more rapidly with the ezhanst than is other¬ 
wise tho case; and if this oommnnioation be at 
nil impeded, &e steam below the piston offers a 
hindnmee to its motion^ and thns impedes the 
engine. 

Tho eztension of tiie face of tho valve by 
which the steam ie ont off ia teohniaally known 
as the “ lap,” and it is by this that the steam is 
out off -at any port of the stroke. In the 
valve we have drown tho steam wonld enter, 
until vmy near the completion of tho stroke. 

Another form of valve frequently employed is called the 
“ long D valve,” and is shown in Fig. 81. The porta here are 
placed at the top and bottom of the cylinder, and the valve, 
which in its cross section is nearly the shape of the letter B, ia 
long enough to cover them both. The valve is pocked at both 

mtds, so as to fit steam-tight 
in its chamber, and has a 
passage, V, passing through 
it from end to end. Steam 
is admitted throagh the pipes 
to the spsce between the 
packed ends, and the pipe 
seon below o is the ex¬ 
haust. 

When in the position hero 
shown, the steam enters the 
npper end of the cylinder, and 
foToes the piston down, while 
the lower end ii open directly 
to the ezhanst through tie 
port T. When the stroke ia 
nearly completed, tho valve ia 
depressed, and the steam now 
enters the lower port, while 
that from the upper end ea- 
capoB throagh the passage v 
in the middle of the vslve. 

Bi large engines, so great is 
‘ite presBore of the steam on 
the slide-valve, that there is at 
times mnoh difficulty in start¬ 
ing it. To obviate this, m 
small engine is sometimes em¬ 
ployed ; more oommonty, how¬ 
ever, a “balanced valve" ia 
need. In this the steam ia 
allowed to press <m esoh side 
of the valve, and thns the pressnre and oonseqnent friotion an 
very greatly diminiahed. 

Having now dearly understood the maimer in which ao 
alternate motion ia imparted to the piston by the pressnre of the 
steam, we may paaa on to see how diis motion ia converted into 
one of rotation, or into any other kind of movement we may 
nqnire. We moat, however, remember that the essential pact 
of the engine ia that which we have already oonddend. to, 
the cylinder and alide-valve there is a great teaemblance in dl 
enginaa, but in the Mmining parts then ia the ntmoat variety. 
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THE ELIOTEIC TELEGRAPH.—VH, 

AHOTHIE rOBK OV COKKTTTATOB—TBB S01TBUI-KXXSI.K 
IN8TBUHJENT — ITS CODE—OBDIMAST AUBUSt — 8EDE- 
ACTIHO AtiABDV. 

The Bisgle-needle iustrame&t, deBoribed and figured in onr last 
paper, is &8 form of the eleotrio telegraph moat generally em¬ 
ployed, and may be seen at most t^graph stations. It is, 
however, rather oomplioated in its oonstmotion, and it wonld 
he a somewhat diffionlt task for an amateur to oonstmot one 
on that modeL There is, however, a much simpler form of 
instrument, whioh is now need in many places; one of these 
the intelligent student may easily make for himself, and in so 
doing he will aoqaire a much olearer insight into the principle 
and operation of the telegraph generally. Ho may even carry 
a wire to a friend’s honse, and thus be able to communicate 
with him. 

In this instrument the transmitting portion of the apparatus, 
or commutator, is quite separate and distinct from the coil or re¬ 
ceiving portion. The coil, 
with its needle, is some¬ 
times mounted in a case 
similar to that of the 
instrument already de¬ 
scribed ; but a simpler 
plan is to place the needle 
in the centre of a disc, 
and support this on a 
pillar and stand, after the 
manner shown in Fig. 29. 

The coil is then placed at 
the bock of this disc, and 
covered, so as to protect 
it from tho dust. The 
ends of the wire pass down 
the pillar, and ore con¬ 
nected to tho two binding- 
screws seen on the baso 
cf tho instrument, which 
is placed in tho circuit of 
the line-wire. 

The commutator is 
shown in Figs. 30 and 31. 

A piece of mahogany or 
oak, about nine inches by 
six inches, is taken, and 
two strips of stout brass 
spring, E A and l b, are 
firmly fixed to it at B and 
li, binding-screws being 
fi^ed to each at these 
points. These strips arc 
bent upwards, so that 
their &ee ends press 
against two studs, a and 
b, in the under side of a 
tnass bridge, d z, placed over them. The form of this will be 
clearly seen by the sectional vie^ (Fig. 31). 

On the extreme ends of these springs are placed finger-plates, 
A, B, of ivory or ebony, and by greasing on ^ese tho signals are 
sent. Under a and b are two stout pegs or pins of brass wire, 
which pass through the board, and are there connected together, 
and also to the binding-screw, c. Tho springs when at rest do 
not touch these pins, but remain pressing upwards against 
aandh. 

To join up tho circuit, we connect the positive and negative 
battery wires with c and z respectively | a is then ooimected 
with the earth-plate, and x> with one of ^e screws at the baso 
of the coil—the other screw there being oonneoted with the line- 
wire. Now let ns, first of all, trace the course of a current 
which is received from the distant station. It comes along tho 
line-wire, passes round the coil, deflecting the needle on its way, 
and thence to the binding-screw, L. It then travels along tto 
strip ii B to 2), across the bridge to a, and along the other stidp 
to B and the earth-plalte, the circuit being thns completed 
through ihe eartb-plai» of the distant station. 

Wun a message is transmitted, the current takes a different 
eonrse. Suppose we desire to send an inclination to the left, 


we press down the left-hand spring, a, till it comes into contact 
with the pin, e. The course of the electric current will then be 
as follows:—From 0 it passes through c and along the strip 
A B to the earth-plate, rrtnming through the coil to L, and by 
b to the binding-screw z, whioh is placed on the bridge, and is 
oonneoted with the zinc pole ef iio battery. In this way all 
the needles in the circuit are deflected to the left. When we 
desire to deflect them to the right we have only to press down 
B, and then, as may easOy be seen, the current will pass in 
the reverse direction, viz., from L to E, instead of from B to L, 
and all the needles wiU accordingly move to the right. 

It will thus be seen that in this instrument all wo have to do 
is to depress the right or the left spring, according os we wish 
to deflect the needle to the right or to ihe left. This can bo 
done rather more rapidly than the handle in the other instru¬ 
ment can bo moved, and this commutator, therefore, has an 
advantage over that in point of speed. It is, however, less 
certain in its action, as the points of the pins are apt to become 
somewhat corroded or covered with dust, and the current will, 

of course, be interrupted 
by this. Both hands are 
commonly employed in 
working it, but care must 
be taken not to keep either 
spring out of contact with 
the stud above it while 
tho other spring is being 
pressed down, as this will 
break the drouit. 

Sometimes, instead of 
the finger - plates, two 
studs or buttons ore used, 
but the action is tho same 
in either case. 

There are two main 
drawbacks to the use of 
the single-needle instru¬ 
ment: one is, that there is 
no record left of tho signs, 
and it tho eye be not very 
quick, or if the attention 
be called off, one or more 
of them may very easily 
be missed. This is, how¬ 
ever, to a considerable 
extent obviated by prac¬ 
tice. Another drawback 
to its use is that it is 
somewhat slow. To moot 
this dilfiaulty the double¬ 
noodle instrnment (Fig. 
32) was introduced, and 
is nearly the most rapid 
instrument in use. It is 
frequently employed on 
lines where there is much 
oommnnioation, and where speed is an important object; tho 
great hindrance, however, to its general employment is tho fact 
of its requiring two line-wires and two sets of batteries. It is, 
in fact, merely two single-needle instruments arranged side by 
aide in the same case; each of these has a commutator and coil 
mode on the plan already described. 

The advantage of this instrument is that fewer signs ore 
required than with a single needle. 

In tho latter case, only two signs can be sent with a single 
movement; in this, six can be so sent, since we can use either 
dia.1 by itMif or both simnltaneonsly, and in either case can 
give an inclination either to the right or the left. No letter, 
therefore, requires more than three signs, and most can bo sent 
with two. The code employed with this instrument is very 
simple, and is indicated by the letters on the dial-plates. 
Omitting Q, Z, and J, we have twenty-four letters left, reckon¬ 
ing + as one. The first eight of these are sent witii the left- 
hand dial alone, the next eight with the right-hand one, and 
the remainder with both, used simultaneously. J is dispensed 
witii altogether, as I takes its place; Q is repreamted by ths 
noodles pointing in reverse dimtions, the upper ends being 
together, thns a ; uBd Z is denoted by the lower ends of the 
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neodluB molining toward* eaoli other, thu* V. For the rest of 
the alphabet we must refer to the dial*. Taking the left-hand 
one first, zero or is plaoed onoo to the left of the needle, 
Hhomng that this is denoted by a single beat in that direction ; 
similarly, A is donoted by two and B by three beats in the same 
direction. This is shown by the number of times they ooonr on 
the diso. E, F, and Q are denoted respeotively by one, two, or 
three inolinations to the right. C is put in different type, and 
has an arrow pointing to it, to indicate that it requires alter¬ 
nate moyements of the nee^o, first to the loft, on which side 
it is placed, and then to the right. D likewise requires 
alternate boats, one to the ligbt being followed by one to tbo 
loft. The letters from H to P are represented by precisely 
similar movomeiits of the right-hand needle. 

The other letters, which require both needlos, ore marked on 
the lower parts of tbo dials. B, S, and T ro<}Uiro one, two, and 
throe boats respectively to the loft; XJ is denoted by altomato 
boats, first to the loft and then to the right j W, X, Y, and V 
require .similar raovemonta in reverse directions. 

Wo may render this more door by patting ail the signs in a 
tabular form, thus:— 


\ W \\\ V 

4 A J1 C 

H I K I, 

E S T U 


X / // /// 

B E F O I<ert dial. 

M N O P Bight dial. 

V TV X Y Both dials. 


Both hands are employed in working ibis instrument, and it 
requires more oaro and attention to read it; when this is 
attained, messages may be sent with a speed of from forty to 
sixty words a minnte. But, as we have already stated, two 
lino-wires and batteries are required, and these entail so much 
extra cost, both in eonstrnction and maintonanoe, that tlio 
instmment is not nearly os muoh need as it otherwise would bo. 

Wo have now explained the oonstrnctiou of two parts of our 
telegraph instramoni, viz., the receiving and tho transmitting 
arrangements. There is, however, another very important part 
to which we mnst refer ; some moans of calling tho attention 
of the receiving dork to the fact that a message is coming is 
required. He cannot bo expected to keep his eye Constantly on 
the dial-plate of the instramont, and though tho diok of the 
needle against its studs is often distinctly audible, yet this may 
not be noticed: on alarum is iherofore an ossontial thing, and 
many different kinds have boon tried. 


A beU is noai-ly always employed for this purpose. Some¬ 
times it is rung by tho oleotrio ourront itself; in other oases it 
is driven by dockwork, and all that the current does is to 
liberate a detent, and allow tho dockwork to not. This is tho 
simplest and, in many cases, the best form. A spring sets in 
motion a train of wheels, and thus strikos tbe bell. A small 
oatoh, however, engages a tooth or a stud in one of the wheels. 
Tltia oatoh is affixed to a lover, which is so arranged that when 
the ourront passes round an oleetro-magnet suitably placed, the 
lever is moved and tho mechanism set free. Tho alarum, there¬ 
fore, ooutinnes to ring as long os the current posses and the spring 
is kept wound up. This kind atarum is simple, and not 
likely to, get out d order. Sometimes a tell-tale is affixed to it, 
so that, aa soon as it rings, a diso is moved and indicates the 
foot of tbe bell jiaving been rung. One great advantage of this 
is, that if the derk has been away for a short time, he will on 
his return at onoe know whether His bdl'-hos rung during his 
absence. j 

Often, however, the dockwork is altogether dispensed trith, 
the bell being rung by the deotrio ouRont alone. Tho hammer, | 
in this ease, is mounM upon a piece of spring or wire, attached 
to the mid^e of wMoh is a pieoe of iron, which serves as tho 
keeper to an' oleetro-magnet plaoed near it. This is so snonged 
that when tbe keeper is dose to tho magnet tho hammer almost 
tonohea tho bdl; 'tiio jerk, when it is attnustod, is then suffident 
to stoike the bell loudly without'damping tho sound by allow¬ 
ing the hammer to remain in oontad with it. By t^ plan 
only one stroke of the bd] is given for each current sent. 

A much better plan, and one more generally adopted, is to 
arrange the heU so tliat it oontinnes to ring as long as the 
OQirent is passing. The manner in which tiiis is oooomplished 
will easily be learnt by leferance to Fig. 83, which shows the 
interior of one of these self-aoting alarms. The bell, T, is 
placed on tits outside of the case, the bammw, e, being sup- 
{iorted on a pieoe of spring, m, so that it oscillates very freely. 


An electro-magnet, e, is plaoed inside the ease, and its keeper, 
e, is attached to the rod of the hammer. Behind c is a spring, 
g, in Qontact with it, hut so arranged ibat when the keeper is 
drawn against the poles of 'tbo magnet the oontaet shall cease. 
Not nnfrequently a screw tipped -with platinum is sabetituted 
for this spring. 

The ends of the 'wire which posses round the deotro-magnet 
ore conneotod with tho screws marked p pf and, as will bo 
seen, tho ouRont, after passing round the o^s of the magnet, 
has to pass along m and through 9 , so as to complete the 
circuit. When the instrumout is at rest, e and g ore in contact, 
and, accordingly, as soon as a cuRont is transmitted, it makea 
e into a magnet, and draws the keeper home to it, thereby 
striking tho bell. In doing so, however, oontaet is broken 
botwoeu c and g, and the eircoit being interrupt^, the keeper 
is drawn back to its plooe by tho spring on which it is sup¬ 
ported. This renews tho contact, and again converts e into a 
magnet, so that tho keeper is again attracted, and another atroke 
is given to tho bell. This process continues aa long as -the 
current passes, so tiiat tho distant operator, by merely keeping 
his key pressed down or his handle dofleotod, produoos a oon- 
tinnous' ringing, and thus soon draws tho attention of the 
station,to which ho wonts to speak. 

When several stations are in tho circuit, tho bell at eooh 
Tings; tho clerk 'then mentions the one to whom ho wants to 
apeak, and as soon as that one acknowledges, he sends 'tbo 
raoBsago. Tho other clerks can, if nocossary, short oirouit thoir 
o-wn iusimmonts, so as to cause loss ubstmotion to the passage 
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NOTABLE INVENTIONS AND INVENTOBS. 

X.—rOTTEHY AND POBCELAIN (concliided). 

BY JOHN TIKIIS. 

At tho time of the French Kovolntion, fine specimens of SJlvres 
poToehun in the royal palaces and mansions of tho nobility wem 
destroyed. These produotious have sinoo deolined in value and in 
beauty; but previously a complete service for Louis XVI. ■was 
manufactured, each plate of which cost ,£24. In tho palace of 
the Tnilcries there is, or was, a snperb vase of Sevres poroelain, 
whioh cost £1,000. In 1800 M*. Brongniart was appointed 
director of the factory. “Ho held the appointment d'Oting 
forty-seven years, and originated tho celebrated livtic G^i- 
miqtie, oonsisting of on historical series of specimens illustrativo 
of tho ceramic art in aU times and among all people, together 
'with a collection of raw materials, tools, implements, trial- 
I pieoos, models of furnaces, etc. On our visit 'to this musonm, 
we were particularly struck with a collection of failures, or 
speoimens showing what hod been done to overcome faulty 
results, and what it was hopeless to attempt." (“ Enoyolopmdia 
Brita-nnica," eighth edition.) Thg prinoipal painters of Via 
Franoh school did not then think it derogate^ to their noble art 
to improve, by their oooasional BUggostions and designs, the em- 
beUiffimont of a coffoe-cup or a dinner-plate. BaffoeUe painted 
or gave designs for painting in enamel on glazed earthen'ware, 
and deigned to emboUish a china dish. Mr. Brookedon saw a 
specimen of the latter desoription about tho year 1833, in one 
of his Alpine exonrsions. ' 

The manufoeture at Sevres has for several years been in 
a gradnaUy odvanoing state, 'witfi regard to the whiteness, oom- 
pactness, and infusibility of the body, tbe eleganoe of the form, 
the brillianoy of the colours, the elaborateness of the drawing, 
and the superb enriohmeuta of the gilding. Tho porcelaAne dwre 
is formed of kaoline from the quoRies near limoges, alkali, 
sand, and nitre, to which, when in a state of fusion, olay is 
added. It requires a great fire to be hardened. What is called 
biscuit de 86vres is this substanoe not enamelled. Thepointinga 
ore executed upon tho poroelain after it is iuirdoned, and it then 
requires only a slight degree of heat to fix the oolouza and 
enamel. M. Brongniart has snocessfuUy applied the pyrometer 
to the firing of poroelain after it is painted. The jlyrometer is 
a kind of steolyud, 'with a needle placed at the extremity of n 
bar three feet in length. In the middle of this bar is a tube 
containing 29 inohefi of poroelain and 7 inebes of silver. 
That mid of ibe bar in whioh the eilveh is plaoed is introduoed 
into the oven in wiuoh tho poroelain is to be fired, and tbe 
heat, by dilating the sUver, sets tho needle in motion by means 
of a wheel at the extrmmty of the bar, and this Miows the 
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degree of heat required. In firing poroelain, vood alone is 
employed. An ingonionB method haa also been disoorered of 
printing tiie patterns upon porcelain, by which the ezocntion is 
more x>^eot, <md is effected in mnch less time. The beauti- 
M Um de 86vra, the manner of obtaining which was supposed 
to he entirely lost, has been re-disoovered by Brongnit^. A 
sort of sea-green ware, called ciladcm, has bera produced. It 
somewhat resembles old Oriental ware. Ihis cdladon is a body- 
colour pervading tbe paste, and on it the French artists have 
Bucoeaded in producing with a similar but white paste various 
designs, chiefly loaves and flowers, which stand out in gentle 
relief upon the vase or cup. The effect is very beautiful, 
especially in a variety of edladon which reflects local colour; by 
gas-light it is pink. The Sbvres manufactory has also produced 
majolica, and onamol on iron and copper; but its chief skill is 
in the higher kinds of figure-painting. The old Sbvres has like¬ 
wise been produced in perfection, wonderfully like the original. 
The old Palissy ware and the*iwo of Henri Deux have also 
boon reproduced. In a new species of ware, gold or silver is 
burnt into the onamol in considoniblo quantities, with very rich 
effect. Then the designs ore painted on unfirod enamels, the 
whole fired once for all; a largo piece produces from ^050 to iJSO, 
having the appooninoe of majolica. Sets of china printed from 


pure white ohinn of limoges is of groat strength, although very 
thin and semi-transparont. 

In Italy a factory was established at Decda, near Florence, 
early in the last century. Yenioo also manufactured porcelain 
until I81ii; but the most famous manufactory in Italy is the 
Capo di Monti, at Kaplos, founded by Cbarlos III., in 173G. 
This sovereign appears to have oxcoedod the royal amateurs of 
Europe in his cultivation of the ceramic art, and ho oven sur¬ 
passed Augustus III., who was nicknamed by Frodoriok of 
Pmssia “the Poroelain King,” from his having exchanged a 
whole regiment of dragoons for some huge useless china vases. 
Charles HI. even worked in the factory with his own hands, 
and hold an animal fair in front of the royal palace at Kaples, 
whore was a shpp for the sale of the royal productions j and 
there was no more oertaiu road to the Ung's favour than in 
becoming a purchaser. When Charles became King of Spain, 
ho founded a factory at Madrid, which was destroyed by the 
French in 1812. His successor, Ferdinand, sanctioned the 
erection of other iKwcelain works, and even allowed the royal 
workmen to assist in their formation; they appear to have 
robbed the parent factory of its gold and silver models and 
other valuables. 

The poroelain of Capo di Monti was not, os is commonly the 


arts. A better taste has, however, grown more evident in 
pottery and porcelain for every-day use, as the people have 
become more familiar with the beautiful forme of antiquity, 
and art sohools have been established; benoe jugs sold for a 
few ponoe each ore even of olassio forma. Persons are no longetr 
content with the barbarous s^lo of ornament hronght to t^s 
country from China; bht a very great improvement has been 
made in multiplying eopiea of superior designs for transfer to 
the surface of the ware, by printing ftom cylinders a con- 
tinnons sheet. The old “ w^ow pattern ” has dosuouded from 
the dining-room to the kitebeu, whence it bos almost ejected the 
common whito dinner plate. Meanwhile, a tme taste for classic 
ornamentation is extensively cherished. The choice vessels of 
Etmiia, Heioulanoum, and Pompeii are imitated in Stafford¬ 
shire, with copies of Boman pottery introduced into England 
more than two thousand years since. In ortiolcs of ornament 
we become familiarised with some of the finest works of Greek 
art, of which almost evoiy chimnoy-plooo bears ovidenco j whilst 
tho grotesque vulgarities which delighted our forefathers are 
supplanted by fac-similes of scnlptnral triumphs that have 
been and will continue tbe admiration of ages. 

We may hero mention that tho Porcelain Hock of China haa 
rocently been visited by Baron von Bicthopen, of Shanghai: it 


chromo-lithographs, even to the gold, aro sold cheaply. ThoJ is situated in the King-to-chin district, where the Chinese have 


made nearly all their porcelain for about S,000 years. He 
appears to show that the Chinese knollno is nut found under 
aimilar circumstances to tho china clay of Cornwall and Devon. 
Tho porcelain rock of King-to-ohin is stated to be of tbe hard¬ 
ness of felspar, and of a green colour like jade. The rock is 
reduced to powder, and made into bricks of two kinds, one 
being called “kaoling,” and the other “rotuntse," the supposed 
equivalent of Cornish china stone. Tho British porcelain clay, 
kaoline, exists as a soft imporfectly-formod variety of granite, 
and tho china stone, “ retnntso,” is a more taloose rook. 

The porcelain clay used in English works is olitoinod in Corn¬ 
wall, and shipped in largo quantities. Tho shipments in the 
year 1869 comprised 106,700 tons of kaulino, commonly called 
china clay; and 28,500 tons of china stone. Devonshire pro¬ 
duced 66,200 tons of cloy in 1869. 60,210 tons of clay wore 

exported from Poole in tho year, one-third of it for Iiondon, and 
nearly another third for America; tho total being 2,000 tons 
more than in the precedingyears. 

Ceramic, tho generic term including all manufactures of 
potter’s clay, is derived from tho Greek word for potter’s 
clay. One of tho quarters of tho city of Athens, on tho south¬ 
west side of tho Acropolis, was called Ceramicus ; and, although 
Pausanias assigns a different derivation, Pliny relates that it 


case, an imitation of tho art of some rival factory. Its beauty ■ was so colled from the manufactory of Chdoostrina, a celo- 
and exoeUcnco arc due to tlio design, from shells, corals, cm-1 bratod modeller of statues in clay, 
bossed figures, etc., artistically moulded in high relief. Mr. 

M..Tiyat regords tho tea and coffee services of this wore as, 
perhaps, the most beautiful porcelain articles over produced 
in Europo for transparency, thinness of the paste, eloganco of 
form, and giacefully-twinod serpent handles; aa also for tho 
delicate modelling of tho ornamental groups in high relief, 
painted and gilt, oontrosting well with the plain ground. Its 
manufacture was oondnotod wity the greatest aocrocy. The 
modelled figures of Capo di Monti ware are very life-like; whole 
scenes are wrought, all in one dull tint of stone, with nothing but 


PEINCirLES OF DESIGN.—XT. 

ART PUBNITUEE (confiniMd). 

Bx CuitisTOFUxa DitESSKa, Ph.D., F.L.S. 

I FEAB that I havo very feebly enforced and very inefficiently 
illustrated tho true principles on which works of fnmituro should 
bo constructed; and yet I fool that tho structure of such works 
is of importance beyond all other considerations. Space is 


the modelling to attract ns. Mfithing has ever been produced i limited, however, and* I must pass on; hence I innst hope that 


BO life-like. If one could bo quite sure aa to tho extent of the 
firing which they have undergone, it would be difficult to praise 
them too highly. 

We have incidentally glanced at the prices paid for very fine 
poroelain, which are necessarily high, the material requiring to 
be treated with tho precieion of a chemical proocss, and tho 
design and omamontation demanding the highest skill. A 
Sevres service of a good period has cost 80,000 livres. Mr. 
Minton received jBl.OOO for his service of turquoise and parian; 
the Maxqnis of Heriford gave .£1,000 for two vasas; and Lord 
Ward £1,500 for a dessert service of Sevres. In iho Bnlteel 
ooUeotion of rare old porcelain, lately sold, were an old Chelsea 
vase and cover, which brought 855 guineae; an Oriental 


I have induced tho reader to think for himself, and if I have 
done so I shall have fulfilled my desire, for his progress will 
then be sure. 

Eeapooting structure I havo bnt a few general remarks 
further to make, and all these are fairly ombrfMicd in tho one 
expression, “bo truthful.” An obvious and tme stmoturo 
is always pleasant. Let, then, the “tenon” and the “mortise” 
pass through tho various members, and let tho parts bo 
“pinned” together by obvious wooden pins. Thus, if the 
frame of a chair-seat is tenoned into tbe logs, let tho tenon 
pass throngh tho leg and bo visible on tho outer sidn, and let 
it be held in its place by glue and wooden pins—the pins being 
visible. In this way that old fnrnitnro was mado which has 


enamelled outom, 295 gnineas; old Sivres onps and saucers, I endured while piece after piecA|^ modem furniture, mado with 
and plateaux, from 50 to 221 guineas; old ^vres cabarets, I invisible joints and coneealud hails and screws, baa perished. 
375 to 585 gnineas; a {lair of old S5vres vases, 765 and 660 j This is a true structnrol treatment, and is honest in expression 


guineas; and three old Sevres vases, 1,350 guineas. Such works 
OS these belong, however, rather to tho fine arts than the naef ul 


also. 

1 do not give this os a principle applicahlo to one class of 
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fnmitaro only, bat to ail. When wo httn “ pinned ” farnitnre 
with on open etmotoie (aee the back of QiUow’b chair, Fig. 27), 
the mode of patting together muet be manifest; bat in all 
other eases the tenons shoold also go throagh, and the pins by 
whioh they ace held in their place be driTen from one snrface 
to the othm side right throngh the member. 

In my first lesson on fomitore (see page 311) I said that 
after the most oonTenient form has been chosen for an object, 
and after it has been arranged that the material of whioh it is 
to be formed shaU be worked in the most natural or befitting 
way, that then the block-form most bo looked to, after wMoh 
oomea the division of the mass into primary ports, and lastly, 
the eensideration of detail. 

As to the blook-form, let it be simple, and have the appear- 
anoe of appropriateness and eon- 
sistenoy. Its ohocaoter mast be 
regulated, to an extent, by the 
natoro of the house for whioh 
toe fomitore is intended, and 
by toe oharacter of the room in 
whioh it ia to be placed. All I 
can say to the stndont on this 
port of the subject is this: Cace- 
fnlly consider good works of 
fumitnre whenever opportunity 
oooocB, and note their general 
conformation. A fine work will 
never have strong arohitectural 
qualities—that is, it will not 
look like part of a building 
formed of wood instead of stone. 

There is but small danger of 
committing any great error in 
the block-form, if it bo kept 
simple, and look like a work in 
wood, provided that the propor¬ 
tions of height to width and of 
width and height to thiokness 
are duty cared for. 

After too general form has 
boon considered, the mass may 
be broken up into primary and 
secondary ports, ^us, wo 
have to oonstrnot a cabinet, toe 
upper part of which consists of 
a cupboard, and the lower por¬ 
tion of drawers, we sliould havo to 
determine too proportion which 
the one part should bear to the 
other. This is an invariable 
mlo—that toe work must not 
consist of equal parts; thus, if 
toe whole cabinet bo six feet in 
height, toe cupboards could not 
be three feet while too drawers 
ooQupied three feet also. The 
division would havo to be of a 
subtle bharaoter—of a ebanurtor 
whioh could not be readily de¬ 
tected. Thus toe cupboard might beO feet 5 inches, and 
toe drawers ooUeotivaly 2 foot 7 inches. If the drawers are 
not to be all of the same depth, then the relation of one 
drawer, as regards its size, to that of another must be eon- 
aidered, and of each to the cupboard above. In like manner 
toe proportion of the panels the doors to the styles must be 
toongkt out; and untU ^ this has been done no work should 
ever be construoted. 

Next comes the onriohment of parts. Carving should be very 
sparingly nsed, and is best oonfinod to monidings, or projecting 
me terminal ends. If employed in monidings, toose members 
should be enriohod which arc more or less completely gpiarded 
from dust and injury by some overhanging member. If more 
carving is used, it should certainly be a mere onriobment of 
necessary struct^—as we see on toe lags and other uprights 
of Mr. Ctaoe’s bwutifnl sideboard, by Fngin (Fig. 34). I am 
not fond of carved panels, but should toose be employed toe 
carving toould never project beyond toe styles ataroanding 
fham, and in all oases of carving no pointed membera nlart 


protmde so as to injure toe person or deslzoy toe dress of those 
who use toe piece of farnitnre. If carving is used sparingly, it 
gives OB toe impression that it is valuable; if it is lavishly em¬ 
ployed, it apxKMxs to be oomparatively worthless. The aim of 
art is the piradnotion of repose. A large work of fomitore 
which is carved all over cannot produce the neoeasaiy sense of 
repose, and is toerefore objectionable. 

There may be an excess of finish in works of carving con¬ 
nected with cabinet work; for if toe finish is too delioate there 
is a look of effect in the work. A work of fnniitnre is not a 
miniature work, which is to be investigatod in every de^. 
It ia an object of utility, which is to appear beaotifnl in a room, 
and is not to command undivided attention; it is a work which 
is to combine with other works in rendering an apartment 

beautiful. The South Kensing- 
tou Museum purebased in toe 
last Faris International Exhibi¬ 
tion, at great cost, a cabinet from 
Fonrdonoia; but it is a very un¬ 
satisfactory work, as it is too 
delicate, too tender, and too fine 
for a work of ntility and fumi- 
turo—^it ia an example of what 
should be avoided rather than 
of what should be followed. The 
delicately-carved and beautiful 
panels of the doors, if ont in 
marble and employed as more 
works of sculpture, would havo 
boon worthy of the highest com¬ 
mendation ; but works of tins 
kind wrought in a material that 
Las a “grain,” however little 
the grain may show, ore absurd. 
Besides, the subjects are of too 
pictorial a character for “applied 
works ’ ’—^that is, they are treated 
in too pictorial or naturaUstio a 
manner. A broad, simple, ideal¬ 
ised treatment of the figure is 
that whioh is alone legitimate in 
cabinet work. 

Supports or oolmnns carved 
into the form of human figures 
are always objectionable. 

Besides carving, as a means of 
enrichment, wo have inlaying, 
pointing, and the applying 
plaques of stone or eiutoenware, 
and of brass or ormolu enrich¬ 
ments, and we have toe inserting 
of brass into toe material when 
buhl-work is formed. 

Inlaying is a very natural and 
beautiful means of enriching 
works of fumitnre, for it leaves 
toe flatness of toe sni&oe un¬ 

disturbed. A great deal may 
be done in this way by toe em¬ 
ployment of very simple moms. A mere row ef oiicnlar 

dots of black wood iidiud in oak will often give a very good 

effect; and the dots can be “worked ” with too utmost ease. 
Three dots form a trefoil, four dots a qnatrefoil, six dots a 
hexafoil, and so on, and very desirable effects can often bo pro¬ 
duced by Budh simple inlays. 

PanelB of cabinets may be painted, and enriched with om^ 
ment or flatly-treated figure subjects. This is a beautiful 
mode of onriohment very much neglected. The couch (Fig. 30) 
I intended for enrichment of tois kind. If tl^ form iff e^oh- 
ment is employed, oare should bo exercised in order that the 
painted work be in all oases so sitnated that it oannot bo 
rubbed. It toould fill sunk panels and hoUowa, and never 
appear on advancing members. 

I am not fond of toe application of plaqiito of stone or of 
earthenware to works of fm^tnre. Anythi^ that ia brittle is 
not suitable as an enritoment of wood-work, unless it con be so 
placed on to be out of danger. 

Ormolu amammits, when ^plied to oabiiiets and other worka 
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In conjnnction with tins axtiole, ve engnve a sideboard 
ezeonted by Mr. Craoe, from the design of Mr. A. Welby Fogin, 
to which I have before ellnded (Fig. 34), and a painted cabinet 
by Mr. Bnzgess (Fig. 85), the w^-known Gothic architect, whose 
architecture mart ^ otoired. Both of these works ore worthy 
of study of a very earefnl kind. 

In the sideboi^, notice first the general stmoture or con- 
stmotion of the work, then the manner in whieh it is broken 
up into parts, and lastly, that it is the stmotoral members 
whieh are cerved. If this work has fanlts, they are these: 
first, the carving is slightly in czeesa—thns, the panels would 
have been bettn plain; and, second, in some parts thwe is a 
slight indication of a stone stmoture, as in the buttress oha- 
rooter of the ends of the sideboard. 

To the cabinet much more serious objections may be taken. 

1. A roof is a means whereby the weather is kept out of 
a dwelling, and tiles afford a means whereby 'small pieces of 
material enable us to form a perfect covering to our houses of a 
weather-proof character. It is very absurd, then, to treat the 
roof of a cabinet, which is to stand in a room, as if it wore an 
entire house, or were to stand in a garden. 

2. The windows in the roof, which in the case of a house let 
in light to those rooms which ore placed in this port of the 
building, and are formed in a partioular manner so as the more 
perfectly to ezolude rain, become very absurd when placed in 
the roof of a cabinet. These, together with the imitation tiled 
roof, degrade the work to a mere doll’s-honse in appearance. 

3. A panelled structure, which is the strongest and beat 
stmoture, is ignored; hence strong metal bindings are necessary. 

The painting of ^e work is Ughly interesting, and hod it 
been more flatly treated, would then have been trathful, and 
would yet have lent the same interest to the cabinet that it 
docs now, oven if wo consider the matter from a purely pictorial 
point of view. 


VEGETABLE COMMERCIAL PRODUCTS. 

XIV. 

DTB FLANTS Jconiinued). 

Judioo (Indigofera iinetoria, L.; natural order, LeguminoBcs). 
—A shrub from two to throe foot high, with pinnate loaves, and 
racemes of greenish-coloured flowers, marked with vermilion 
red. Indigo is also oztraoted from two other species, viz., 
Indigofera anil and I. emrulea. 

This plant is a native of India, whence our chief supplies are 
received. It is prinwpally grown in Bengal, from 20“ to 30'’ 
N. latitude. Indigo is also cultivated in Java, the Philippine 
Islands, Egypt, the West Indies, and British Honduras. 

The boat time for cutting the plant is when it begins to 
flower, because then it is always richest in its peculiar secre¬ 
tions. The plants, when cut, are first laid in a vat, called the 
steeper, about twelve or fourteen feet long and four feet deep, 
and filled with vrater. In twelve or sizteen hours tlio water 
begins to ferment, swell, and grow worm; the highest point of 
its ascent is marked, for when it ceases to swell fermentation 
begins to abate. The manager now opens a tap to let off the 
water into a second vat, Called the beater, and the gross sedi¬ 
ment at the bottom of the first one is carried off and need as 
nuuinre for the nozt crop of plants, for which purpose it is ex* 
collent. The indigo fluid reoeivod into the second vat is kept 
actively stirred and beaten with bamboos cnntil it begins to 
granulate. When granulated snffioiently, the liquor assumes a 
deep purple colour, the whole being troubled and muddy. It is 
now allowed to settle, and as the upper part of the water clears, 
it is removed into other vessels, until nothing remains but a 
thick sediment at the bottom of the vat. This is put into 
gunny bags, which are hung np to dry. To finish the drying, 
the indigo is turned out of the bags, exposed to the sun, work^ 
upon boards with a spatnla, and put into boxes, and again ex¬ 
posed to the sun until fully dried, when it is ready for market. 

The indigo plant grows best in the East Indies. It was first 
brought to Europe by the Dutch in the middle of the seven¬ 
teenth century. It is now imported, every year in incrcasmg 
quantitiei, from the East Indies, and also from both North and 
South America, to which it has been transplmited. Indigo ie 
used in the dyemg-honses of our woollen, linen, cotton, and silk 
manufactorers, and has almost completely displaced the native 
wood {I$aU$ iinetoria, L.) former^ used. The finest smi 


comes &om Bengal, vid Calcntta. Abqnt 5,000 tons are yearly 
imported: and British India has almost a monopoly at tho' 
indigo trade. The French import a very good quality from thu 
Isle of Bonrbon, and the l^t^ from the Snnda Island, in thfr 
East Indies. Ike best American indigo is raised in Gaaiemala, 
in Central America, and an inferior kind at Canoas, in BtazO, 
St. Domingo, Coroliim, and Louisiana. There ate extensive 
indigo plantations on the fertile delta of the Nile, under the 
management of Hindooe. Ind^ro hoe aleo been received recently 
in small qnantitieB from Madeira, the river Senegal, and Sierra 
Leone. 

Good indigo is known by the parity of its colour and its 
lightness, which is indicative of the absence of any eaitthy im- 
phrity. A bine imrmine, made out of this substance, is a very- 
high-priced oolonr, used by painters. The quantity of indigo 
imported in 1868 bito the United Kingdom was 75,874 owt. 

Tvaubaio {Cviretma longa, L.; natnral order, Zingiberaceai), 
—^Tlufe is a stemlesB plant, with palmated tnberons roots of a 
deep oxnnge oolonr internally, long-stalked, lanceolate, emooih. 
loaves, and flowers in a centr^ oblong green epiko. 

Turmeric is a native of tho warm parts of Asia, and is fonnd 
in India, China, Cochin-China, Java, and Malacca, where it is‘ 
extensively cultivated for the soke of the beantifid yellow dye 
afforded by its root, and also as a condiment, as it forma a 
principal ingredient in Indian onrry-powder. Tnxmerio gives 
a boantifol but fugitive gold colour to eifles. Paper stained 
-with turmeric is much used by chemists as a test for alkalies, 
which colour turmeric psiper reddish or brownish. Tormerio is 
also used in making Dntch pink and gold-coloured varnish.' 
There arc several vafiotios of this dye in tho market, 
principal of which are tho Long Turmeric {Cv/rewm'a longa, L.), 
and the Bonnd, bettor known as Chinese turmeric. In 1851, 
the imports of tonnerio into tho United Kingdom from China 
and India were about 2,000 tons. 

QuxaciTaox (Qaerem tinetoria, Micihx.; natural order, 
Cupulifera ).—^This oak grows from eizty to ninety feet high. 
Its leaves are six to eight inches long, obovate, deeply sinnate- 
lobod, pnbosoont beneath: the acorn email ovoid, seated in a 
sub-sessile cup, which tapers at 'the base. 

This tree is indigonous to tho United States, growing abun¬ 
dantly in Pennsylvania, North and South Carolina, and Georgia. 
The inner bark ie an article of commerce under tho name of !' 
quercitron, and famishes a yellow dye, which has now nearly 
superseded the use of our indigenous weld (Reseda Luieola, L.) 
in calico printing. Quercitron, when arashed, resembloa a mass •, 
of short yollowish-whi'te fibres, mixed ■with powdery particles, 
and in this state Is sent over in casks. From 3,000 to 4,000 
tons are onnoolly received in England from New York, Phila¬ 
delphia, and Baltimore. 

Yxllow Beabiss (Rhammu infeclorius, L.; natnral order, 
Rhamnacem). —This plant ie a species of bnokthom, and is a 
native of Persia, Tiakoy, and the south of Europe. It is S 
prooumbent shrub, growing naturally in rough, rooky places. 
Tho nnripe berries famish a yellow dye, wMoh is largely em¬ 
ployed in calico printing, for toeing morocco leather and paper, 
as well as for Ihe preparation of eaptgreen and Dutch pink. 
The largest and best y^ow berries are 'the Persian, which come 
to this oountiy vid Aleppo and Spiyma; a oonsidemble qnanti'ty 
is also received from France and Turkey. The importation 
amounts annually to between 500 and 600 tons. 

Fustic (Maclura tinetoria, Ndtt; natnral order, UrKcoeets). 
—^A large and handsome evergreen tree, growing in tho "West 
Indies and tropical America. There are large foreets of this 
tree in the Antilles, especially in Jamaica, Oubo, Porto Bioo, 
and Tobago. Fnetio ie brought to mark^ in long pieces or 
logs. The beoatifol yellow and red veined is the beet. Fnstio 
dyes yellow, olive, brown, maroon, bronze, and Saxon- green. 
The quantity imported into England in 1851 'waa 9,808 tou. 

tinetoria ; natural order, is 

mnoh cultivated in France, Normandy, Alaom, and ^Alao in 
Germany, where it 'was in use a thousand years ago. It is In¬ 
digenous to England and Germany. The bine matter of tfaia ' 
plant is oontained in its leaves. Wood waa used by tiie ancimit , 
Britons to stain their bodies. The extensive use of Eaatlndiaa 
indigo has greatly reetrioted the cultivation of wood; bat as 
the dyera very nnwillingly dispense ■with it, on aooonnt tt its . 
cheapness and the dnrability cJ its colonr, it is probable that, 
indigo trill never entirely anperaede its uao. 
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NiCABAaiTA or Psagb Wood (Casalpiwia echinatas nataral 
order, LegvminoBte). —This dye-wood gets its name from the 
repnblio of Nioaragna, in Central America. It reaches this 
eonntiy in blocks abont fonr feet in length and eight inches in 
diameter. It dyes a delicate peach and cherry colour, and is 
mnoh used. We receive annually about 8,000 tons. That 
which comes from Peru yields the finest shades of colour. I 

Several olhor species of Casalpinia yield dye-woods. Thus 
C(BBalpin'M eriaia furnishes'the Brazil wood, and Ccesalpmia 
the Brazilletto wood, whi(di yields some Toy'fine' 
rose-coloured, yellow, and orange-red dyes, according to the 
mordants us^. About 800 tons of the fM and 400 tons of 
the latter annually arrive in England from the vast forests of 
South America, which are very rich in dye-woods. Brazil 
wood is imported principally from Pernambuco, and is also 
known by the name of Femambuk wood, in allusion to the place 
of importation. Besides its usefulness as a dye-wood, it also 
I servos for objeets of art; bows of violins are especially made 
1 from Femambuk wood. 

Safan Wood or Bdkkum Wood {CoBsalpima Sapan) fur¬ 
nishes another good red dye, which is used extonsivoly both 
in India and Europe. About 3,C70 tons were imported into 
England in 18S0 from the East Indies. 

Bed Sanders Wood {Pteroearpm santalinus, L.; natural 
order, LeguminosiB) yields a dye of a bright gornot-rod colour,* 
Euid is chiefly employed for dyeing wood. The tree which pro- 
duces the wood is a lofty one, common about Madras and 
other parts of India. Tlie exports of tins wood from Madras 
in one year only have been nearly 2,000 ^ons. Wo import also 
usually between 700 and 800 tons a year from Calcutta and 
Bombay. 


COLOUR.—VIII. 

By Fiofessor Ciiuaca, Boysl Agricultural College, Cirencester. 
APPLICATIONS OP PEINCIPI.ES OP TltlPLE DISTEIBUTION, 
BALANCE, AND QDALITT IN ESTIJIATINa TBS AaitEEABLE- 
NESS OF CERTAIN AS80RTKENT8 OP COLOUR. 

We may now proceed to iUnstrate by a few examples the 
application of the principles of the distribution, balance, and 
quality of colours to the triple assortments named in the 
last lesson, which were of three series. 

Series I.— AstorinienU of two primary colours with white, 
grey, or black oonstitnto the first series. They are generally 
preferable to assortments in which one primary and one 
secondary colour ooonr, unless these happen to be oomplomen- 
tary, when the effect is more agreeable etui. The more brilliant 
colour must bo used in moderation, and may bo distributed in 
narrow lines or delicate forms. Tlio deeper colour usually 
requires a broader treatment, and to bo proseut in larger quan¬ 
tity. In separating the two bright primaries, yellow and rod, 
from each other, black is preferable to white; while in sopa- 
latmg bine and red, white is preferable to blaok. In such 
instances we have to pay attention to the balance of tone, and 
must not allow the bright or the deep elements of oolout to 
preponderate. Grey is very often of use in oolonr assortments, 
where white or blaok might produoo too marked a contrast. 

Series II.— Assortments of rtie primary and one secondary 
colour with white, grey, or block. It is needless to say that in 
the oases belonging to Series II. the offoot of a primary with its 
oomplementary secondary is fat superior to all the other com¬ 
binations. Thus yellow and violet oonstitutes a more agreeable 
assortment than yellow and orange. But yellow and violet 
cannot be much improved by the introduction of block, which 
too much resembles the violet, and differs too much from the 
yellow; while white is liable to objeotion precisely the converse 
of this. Nor does grey produce a very satisfactory effect in 
this SiiTangement. The more agreeable the combination of two 
oolonrs when in contiguity the less improvement do they 
require, and the less do they exporionoe from the introduction 
of white, grey, or blaok. Such assortments as that of yellow 
and orange are, on the other hand, greatly improved by the 
introduotion of another element to define or emphasiso them. 
The arrangement yellow, blaok, and orange is vastly superior 
to that wi& 'yellow and orange alone. 'V^eu white is used in 
an assortment of this nature containing two bright colours, it 
often prodnees a happier efloot when introdneed so as not to 
Separate the colour^ bnt to precede the brighter of them— 


thus, white, yellow, orange. If white he also inserted between 
the yellow and the orange, the effect is impoverished. When 
two deep oolonn are n^ together, and in combination with 
blaok, the blaok may advantsgeonsly follow the deeper oolonr, 
but snob an assortment as violet, blue, and black is a sombre one; 
yet to many eyes it will appear more satisfactory tVinn one in 
which alternate spaces of white ore introduced, in order to 
restore the bsJanoe of tono. 

Series HL — Assortments of Two Secondary Coloitrs.-— 
Orange and green may be advantageously sej;iaratod by black, 
orange and violet by grey, and violet and green by white. 

Wo hope the examples just given will be suffloiont to enable 
our readers, with the aid of aotoal experimental trials, to jndgo 
of the merit of any triple assortment of oolour, and to arrange 
many agreeable oombinations snitable for special pnrposes. We 
may just allude here to one of the applioations flowing out of 
the principles which we have been enunciating. It is an appli¬ 
cation of groat service to ornamental designers, and has been 
extensively carried out into praotioo. It may be briefly stated 
in throe rules or propositioBs:—1. If in an ornamental design 
the ground bo of a deep tono of oolonr, and the forms or fign^ 
upon it be of a less intense or lighter oomplementary colour, 
then these forma should be outlined with white, or with a light 
tone of grey, or, in any event, with some oolonr of a tono lighter 
either than the ground or the pattern. 2. If in an ornamental 
design the ground be of a light tone of eo'onr, and the forms 
or figures upon it be of a more intense or deeper complementary 
oolour, then those forms should be outiined with blaok, or with 
a deep tono of grey, or, in any event, with some ooloar of a tone 
deeper than either the ground or pattern. 3. In pointing with 
tones of ono colour, or monochrome, the some role must be ob¬ 
served, voiying the depth or tone of the outline according to the 
relations as to tono of the pattern and the ground, as in the 
preceding mles. _ 


TECHNICAL DRAWING.—XXVI. 

HBCHANICAL DBAWINO {sontinuei). 

CABS. 

Cams are varionsly-formod plates, or grooves, by means of which 
a circnlor may be converted into a reciprocating motion. 

The circular motion being uniform, tbe reciprocating motion 
may also move nniformly os a sliding-bar; or its velocity may 
bo varied at pleasure. 

The Heart-shaped Cam, —The form of this earn is delineated 
by means of a double Archimedes’ spiral, tbe oonstruotion of 
which is given in Fig. 247. 

Let 12 xil be the widest limit of the required spiral. 

Dosoribe a circle with 12 xii as a radius. 

Divide this oircie into any number of equal parts os i to 
XII, and draw radii. 

Divide ono of the radii into a corresponding number of equal 
parts, as 1 to 12. 

From the centre, with radius A 1, dpsoribo on ore catting the 
radius i in b. 

From the centre continne describing ores, with radius 2, 3, 
etc., cutting the radii ii, iii, etc., in c, D, E, etc. 

From 12 trace a curve passing through these points, which 
will be the spiral required. 

Fig. 248 is an example of tho heart-shaped cam. 

Let a a' bo tho teotilinear distance to bo traversed, and O the 
contra of the shaft, on which the cam is fixed. 

It is required to make the point a advonoo to a' in a nniform 
manner, during a semi-revolntion of tho shaft, and to return it 
to its original position in tho same manner during a second semi- 
rqylution. 

TiVom the centre O, with tho radii o a and o a', describe circles; 

• divide tho outer one into any number of equal parts; divide 
the lino a a' into the same number of parts. 

From 0, with radius o 1, o 2, o 3, etc., describe circles 
ting the radii correspondingly numbered, and thus the pointa 
A, B, c, D, eto., will be obtained. Tho curve drawn through 
those points be tho spiral form for the earn required to 
raise the point a to a'. 

Bui it is not possible to employ a mathematical point in prao- 
tice, since “ a point is that whi^ has position but not magni¬ 
tude.” 'UierefoTe, on anti-frietion roller, which has Its centre 
whore the point would be, is employed, and in oonsoqucnco of 
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tiiii, the Hse of the earn lias to be redaoed from that of the Cami of small aiae axe simply fiat diaoa of the shape reqnind. 
original onire to allow for tht aiae of the roller. When large, they axe formed with a crown ox rim, s', of eqnal 

To aooompliah this, with the ladins of the anti<ftiotion roller tbickneas all ronnd; a bou, o (by means of whioh it is k^ed 
desmibe ares from A B, 0 s, etc., and draw the osrre whidh is on to the shaft s), end arms, b, v , a. These are strengthened 
to form the outline of the earn to tondh the highest point of internally by a feather or web, o o. 
thesuaxos. Observe that the highest point would not be on the The line of this web is, in the first place, parallel to the rim, 



tsidii s for example, it wonld not be at g, bat on a lino perpen- 
dionlar to the onrve at a—^vis., at h. 

This form of cam is symmotxioal to the line a whioh passes 
throngh its centre—^in other words, the first half whioh pushes 
the rdler; and oonsoiiueuily the tod a', to ^e end of which the 
roller is fitted, from.a to a', is predady the same os the second 
half, with which the roller keeps in contact during the descent 
of the roller from a' to a. Thus a xegnlar alternating motion is 
gifen to the roller by the oironlar motion of the earn. 


curves into the part strengthening the exms, becomos wider as 
it neaxa the boss, and is then united to the a^oining web by 
on arc—as at i'—or retnxns into the enter portion by an are—■ 
as at i'. ..... 

It may here bo remarked tbat the centres, from wmoh mess 
nniting arcs are stmok, are shown on the one side. The inner 
curve of the rim and that of the web axe obtained in the same 
u tho fgna of ths oun was dednoed from ilia 

original spiral. 
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Fig. 249 is a vertioal eectiozi of the cam throngh the centre of 
the shaft and the arm f. 

In machines for crasbing or pounding, cams in the involnte 
form are generally nsed. In sneh cases the ourve would not 
be a doable one, ita office being to raise the stamp or pestle to 


round the cylinder like a corkscrew. This is called the helix, 
and it is this curvo which forms the thread of a screw. 

The elementary steps in the construction of the helix are 
given in a provious lesson (page 301), and it is intended here to 
adapt the system to the projection of screws. 



• ^ven height, and then lettiiig it fall by its own weight uimn 
the substanco to be crushed, os in a Btamping>mill; or to be 
beaten, as in a forge*hammeT. 

THX 8CBZW. 

If a piece of paper of the form of a right-angled triangle 
(a b c, SHg. 250) be rolled round a cylinder, the hy^hennae, or 
long side, a c, of the triangle will generate a curre, winding 


Screws are cylindrical pieces of wood or motol, in which hehoel 
grooves are cut; the ridge left standing is colled the thread. 
The groove and thread together are called the pitch, which, os 
in the teeth of wheels, corresponds with the distance from the 
centre or edge of one thread to that of the next. 

The screw then consists of two cylinders—the inner being the 
, deepest part of the groove, and tiio outer being the highest part 
' of the thread; larger one representing the cylinder before 
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tbe grooves are ent; tlio other, the oylindor aa it would bo if tho 
throad wore completely turned off. 

Screws are named aooording to the form of their thread—aa 
V (or angular-threaded), equoro (or round-threaded). 

Screws, as n matter of oonrao, work in an aperture ooiro- 
sponding with tho thread and grooves of tho screw; this is called 
the nut, or malrin. 

Pig. sal is the half-plan of a V-threodod screw. The larger 
Bomioircle represents the outer, and tlio smaller ono tho inner 
cylinder already spoken of. 

Divide thoso into any number of equal ports, os A, n, c, r>, 
eto., and draw radii. 

Now, dovoting the attention for tho present to the projection 
of tho edge of tlio throad, the outer somicirclo only is used. 

Prom A and a (Pig. 251) draw perpendicnlars, which will give 
tho olovation of tho outer cylinder (Pig. 252). ' 

Now sot off at A tho height of a pitch, a of, and divide it 
into a number of parts corresponding with those into which the 
circle has boon divided—^viz., a, b, e, d, etc. 

Prom each of thoso points draw horizontals, and from tho 
])oints corrospoudingly lottorod in tho plan, raise perpendiculars; 
thoso intersecting, wiU give the points, XXX, through which 
the hulix forming the thread of tho screw is to bo traced. 

Tho helix for the bottom of tho groovo is to be projected 
similarly. The curve, however, must start from the horizontal 
g 1 that is, midway betwoon a and a'. 

Wlion tho first curve has been drawn, and tho starting-points 
for the threads on the inner and outer cylinders have lieon 
fonnd, the corves throughout may, for convenience, bo drawn 
by means of a templet. This, however, is only to bo used as a 
ruler, to draw the lines by mechauioal means when the points 
have been duly projeotod. Tho dranghtsman having acquired 
tlio power of drawing the curves hy hand, may avail himself of 
the templet for oxpoditiou iu making the drawings required for 
business purposes. 

To make these templets (say the larger one), draw a straight 
lino on a piece of veneer, and on this, storting from A, erect 
perpendicnlars, b', o', b', b', f', and o. 

Let tho height of o Im equal to a n, and make tho height of 
each of tho oUsore correspond with tho height of tho intorsec- 
tions XXX. Trace tho curve most corofnlly by hand, cut it 
out with a penknife, and finish with fine glass-paper, slightly 
rounding the edges on both tho front and book, so that tho 
samo templet may bo used on either side. It is scarcely neoos- 
saiy to romork that tho templet may bo as wide below tho lino 
AO as may be convenient. 

The Y form of tbe thread is obtained by joining the interior 
angle of tho groove with tbe angle of tho thread of the screw. 

Pig. 253 is the plan and Pig. 254 is tiie sectional elevation of 
the nut for this screw. It is projeotod in precisely tho same 
manner, tho reverse curves being strengthened. Pigs. 252 and 
253 may bo projected simultaneously when both plans have 
been drawn, as tho horizontals a, h, c, d, etc., may be oarried 
aoroBB, and so serve for both figures. 
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THB STEA3I-HAUlI£It AND BOLLIKG-MILLS. 

Wb oommonoe in the present lesson a short account of the 
machinery which is used in iron-working. Foremost among the 
tools used in this manufacture is the steam-haminor, the in¬ 
vention of Mr. James Nasmyth. This machine has enabled 
forgings to bo aooomplished with facility which without its 
md would have been completely impossible; in foot, it has 
effected a complete revolution in tho working of wrought-iron. 

.Before the introduotion of Nasmyth's patent, the only assist¬ 
ance which steam bad given to human labour in forging was 
the helve or tUt-hammer, which is still extensively used for 
certain classes of work. After pig-iron has been paddled, tbe 
"Mooms,” as the masses of iron are termed while still white- 
hot from the ^Middling furnooe, are dragged to the “ helve." 
The h/rfvo is shown in Pig. 1. It is, in reality, a lover of tto 
first order. In the oeatre is tbe ^ornm ^imt whioh the 


hammer turns; at one end is the heavy mass which forms 
the head of tho hammer; at tho other the power is applied; 
this consists of a cam (p. 409), whioh, by its revolutions, raises 
the lever, and then allows it to fall; under the hood of the 
hammer is the anvQ, on which the bloom is placed. A blow is 
given with every revolution of the cam, and tho intensity of the 



Pig. 1.—rnh HBiiVE on tilt hammek. 


blow depends upon tho height to which tho head of the hommor 
is raised. Sometimes the fulcrum is at ono end of tho helve, and 
the power is applied at tho centre. In this ooso tho machine is 
a lever of tho first order. 

Tho magnitude of tho blow whioh eon bo given by tho helve, 
when a lover of tho first order, will bo understood from tho 
accompanying figure (Fig. 2). Suppose A be tho fulcrum, and 
that a weight at b is raised up to c, moving in tho iiro of a 
circle; the actual height to which B is raised is moosurod by 
tlio perpendicular c P. Tho number of units of work expended 
in raising tho weight is— w v r p 


where w is tho number of ixmnds in tho weight, and c p tho 
number of feet in the lino c p. Thus, for oxam;)lo, if c p wore 
2 feet and w 500 pounds, tho product would he— 
a X 500 = 1,000 loot-pouuds. 

By the principle of work which wo have already explained, tho 
blow must perform as many units of work in its oiTect as was 
originally given to it; hence the 
blow must effect 1,000 units 
of work upon tho bloom sub¬ 
mitted to it in tho case we have 
sniipoBod. Suppose the bloom, 
which may be a mass seven or 
eight inches thick, roooive a oom- 
pression of half an inch from a 
single blow, then tho helveP 
must exert a suffioiently great 
pressure throughout that half-A P B 

inch to expend all the 1,000 
units of work. The pressure must therefore he— 

24 X 1,000 = 24,000 units of work; 

thus the helve compresses the bloom rather more than a load 
of ten tons would do if placed directly upon it. 

The helve, though useful as on eoonomical expedient for 
saving human labour, is is many ways on inefficient instrument. 
In the first place, sinoe tho head of ^e hammer is really moving 
in the arc of a oirole, it is incapable of giving a fiat blow to a 
large piece of work; the portion of tho metal whioh is near tho 
hinge about whioh the helve turns is unduly compressed, while 
that whioh is furthest away from it receives soorooly any blow. 
It is also not found practicable to control tho magnitude of 
the blow, whioh is, therefore, always of tho same magnitude. 
These ciroumstanoes have 1^ to the invention of tho steam- 
hammer, shown in Pig. 3. 

A A ore two upright supports of oast-irou; B is an inverted 
oyimder in whioh a piston moves; this piston is attached to 
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iihe rod x, which passes through a stnffing-bos in the usaal 
manner. To the end of the piston the hammer-head, f f f, is 
attached.' As the piston rises and faUe the hammer-head mores 
up and down between the rertiool guides. The piston-rod is 
attached to the hammer by on elastic pocking of wood, the 
object being to protect the piston- 
rod from the effect of the blows 
whioh the hammer delivers. 

The hammer in Nasmyth’s original 
iiireutiou is allowod to fall by its 
own weight; the ■ only object of the 
stoam is to raise it. It is, therefore, 
only iieoossary to provide for tho 
admission of steam to the lower part 
of the cylinder when the hammer is 
to be laiHed, and to allow it to escape 
whonthehuinmoristofaU. In order, 
bowevor, to control tho action of tho 
hammer with facility, and to tender 
it self-acting when necessary, several 
very ingonioas contrivances have 
been introdnood, a description of 
which will be necessary. 

At tho bottom of the (^lindor is a 
slide-valve, included in the box 3 . 

When in one position this valve ad¬ 
mits steam to the bottom of the 
cylinder, and when it is moved to 
the other jiosition it opens com- 
munioutinn between tlie bottom of 
tho cylinder and the external air. 

Tho red whioh moves this slide 
is shown at Lt,; the other end 
of this rod contains a piston which 
slides in tho cylinder m. This 
cylinder is colled the steam-spring 


the cylinder is placed in communication with tiie ait, and the 
supply of steam is stopped; tho consequence of this is that the 
hammer falls and delivers a blow upon the mass placed on the 
anvil, tho niagnitado of whioh depends both upon the weight of 
the hammer and the distance through which it falls. 

Near the top of the cylinder ore a 
number of holes. These holes dis- 
oharge a twofold dnty; in the first 
place, they enable tho air to osoape 
from the upper part of the cylinder 
when tho re-admitted steam foroes 
tho piston Upwards. When tho 
piston attains a certain height it 
closes those holes, and then a cushion 
of air is interposed between the 
piston and tho top of tho cylinder, 
to prevent a collision. 

The most beautiful part of the 
mechanism of a steam-hammer oon- 
sists in the contrivances by whioh it 
becomes self-acting, so ns to deliver 
any number of blows of any required 
intensity. The arrangements by 
whicdi this is acoompUebed will be 
understood from the figure. The 
problem required may bo thus stated. 
After a blow has been delivered, the 
machine must re-admit steam to the 
cylinder, and then, when the hammer 
has been raised a certain height, the 
valve must bo closed. 

Two right and loft vertical sorowa 
of eqnol pitch are shown at ux; these 
screws are connected by two equal 
pinions, so that when tho screw P is 
turned by tho handle Q attached to 



Rg. 3.— THE STEAM HAMMER. 


it is always provided with steam in its upper part by a 
pipe whioh loads from J. Thus tho oonslant effect of the 
steam is to keep the tod L and the slide-valve attached to it 
pressed down, and thns to keep tho hammer raised. In order, 
therefore, to allow the hammer to fall, tho rod i. E must be forced 
upwards against the steam in the spring M. This con bo done 
by dopressing tho rod pp, whioh is nnder the control of the 
workman in charge of tho maobinc. When the valve is raised, 


tho bevelled wheels, tho two screws arc turned with equal vdo- 
cities in opposite directions, and thus the nuts are mode to move 
parallel to each other with eqnal velocities. The bovoUod wheel 
upon p slides npon it, but is prevented from^turning round upon 
it by a feather; this is to enable the sorow P p to be depressed 
without altering tho position of the bevelled wheel. Tho nuts 
npon the screws carry tho lever o o, at tho extremity of which a 
small roUer, o, is plMed; now, by tnniing the handle at q, the 
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roUor 0 oas be placed at any beiglit along the guides between 
whioh the hammer-head moTes. When the hammer in its 
ascent onoonnters this roller, it forces it upwards; this de¬ 
presses tile end of the bent lever whioh toms on a foloront on 
the screw u, depresses r t, and doses the steom-valve. With 
this arrangement done; however, the hammer could not fall to 
the anvil, for the moment it began to descend the action of the 
steam spring wonld open the vatve, and restore the lovers to 
their original position. An arrangement has, therefore, to be 
provided by whidi the rod D must bo held up against the 
steam spring during the desoent of the hunmer. Ihere is an 
enlargement upon ^ screw-shaft P, a little below the bevelled 
wheel, and there is a small trigger whioh, when the screw is 
f oroed downwards, drops upon the narrow portion of the shaft, 
and detains the screw in its depressed condition. It follows, 
therefore, tiiat when the luunmer has raised 6, the steam-valve 
is permanently shut until the trigger is drawn back. An in¬ 
genious arrangement enables the hammer itself to disengage the 
trigger the moment the blow is stmok. A piece called t^ latch, 
X, is attached 


of the proper form to give shape to the bar; it is sent through 
these grooves, and finally, after passing thiongh a series of them, 
it is a complete railway line. It is then, whils still retaining a 
groat deal of the origi^ heat whioh it had as an ingot, oarried 
to a aaw-miU, whioh cuts off the ends, thus making the bar 
neatly finished, and of the proper length. We condense the 
following account of the rolling of iron from Mr. Fairbaim’s 
work upon iron:— 

“ There are different kinds of roUing-mills used in the iron 
manufacture, and they vary considerably in their dimensionB, 
according to the work they have to perform. first through 
whioh puddled iron is passed are oalied the puddling rolls; 
there are others for roughing down, which vary from 4 feet 
to 5 feet long, and ue about 18 inches in diameter; those for 
merchant bars, about 2 feet 6 inches to 3 feet long, and 18 
inches in diameter, are in constant use. The boiler-plate and 
black sheet-iron rolls ore generally of large dimensions; some 
of them, for large plates, ore upwards of 6 feet long and 18 
to 20 inches in diameter. These require a powerful engine, and 

the momon- 


hanunor 
head; it is 
usually kept 
in position by 
a spring, but 
when the de¬ 
scent of the 
hammer is 
suddenly 
checked by 
the Aeliveiy of 
the blow, the 
inertia of the 
latch X oarrios 
it forward, 
and the end 
of the latcb 
Inclis against a 
piece, SB. The 
piece B a is 
capable of 
moving like 
one side of a 
paralld ruler; 
it transmits 
the pressure 
to a piece v, 
whioh then 
pushes back 
tiie trigger vr, 
and allows the 



Fig. 4.— STBAK XOBOING WITH KABICTTH’S EAUIOB. 


turn of a large 
fly - wheel, to 
carry the plate 
through the 
rollers; and 
not unfre- 
qnontly, when 
thin wide 
plates have to 
bo rolled, the 
two combined 
prove unequal 
to the t^k, 
and the result 
is the plates 
cool and stick 
fast in the 
middle. The 
greatest core 
is necessary in 
rolling plates 
of this kind, 
as any negleot 
of the speed 
of the engine 
or the sotting 
of the rolls 
results in the 
breakage of 
the latter, on 
the one hihid, 


ascent of the screw p. In this way the hammer will deliver blow 
■ftw blow, and the action is at once arrested by the attendant 
raising the handle at T;*the hammer then oscillates bookwards 
and forwards, giving time for the adjnstment of the work. The 
aetnal form of the steam-hammer when in use is shown in Fig. 4. 

In the manufacture of wrought iron and steel, the rolling- 
mills are of not less utility '^an the steam-hammer. The 
otdinaiy bsz aud rod iron, whioh is used for such mnltitudes of 
pnrpoaes, is produced by rolling; and heavier masses, such as 
iron plat^ railway liiias, or armour-plating for ships, are also 
aanufactu^ by ^ rolls. We shall commence onr description 
of the rolHng-mills by a brief account of the manner in whioh 
railway bars are made from Bessemer steel. 

The Bessemer steel, after having been oast in large ingots from 
the " oonverto,” soon solidify; as soon as they are set, tiiough 
still briUiantiy white-hot, the ingots Mrs seised by hydraulic 
eranes, raised from their moulds, and egnied off to the roUing- 
millB. Ths ingots are in the form of panllti(q>ipeda, very nnliko 
the railway bars into whioh they are to be oonvertod. These 
ingots are seised between a pair (ff zdilerS 'driven by very 
powerful engines; the roUars oompreu the ingot and elongate 
it; it is then passed again and again thiongh tiis rollers, andjfia- 
dwUybeoomeaalongbtt. InthAt(dleraarftgio«ves,whidhBre 


or bringing the former to a complete standstill on tho other. 

“ The speed of the different kinds of rolling-mills varies ac¬ 
cording to the work they have to perform. Those for morohant 
bars make from 60 to 70 revolutions per minute, whilst those 
of largo size, for bo’lor-plate, are reduced to 28 or 30 j others, 
snoh as the toisbing and gui^p rollers, run at from 120 to 400 
revolutions per minnte. In St^ordshire, where some of the finer 
kinds of iron are prepared for the manufacture of wire, the 
rollers are genetaQy made of* oast-steel, and run at a high 
velooify. Snoh is the ductility of this description of iron, that 
in passing through a snooession of rollers it will have elongated 
to ten or fifteen times its original length, and when completely 
finished will have ossomed the form cd a strong wire, a qnartw 
to tiireaeighthB of an inch in diameter, and 40 to 50 feet in 
length. 

“ A high temperature is an indispensable condition of suoeesB 
in rolling. The experience of the workman enablm him to 
judge from the appeoianoe of the furnace when*'fhe pile ia at a 
welding heat, so that when oompressed in the tolls the particles 
will unite. ^metimesitisneoeBBaxy to give a fine polish or skin 
to the iron as it leaves the rdllB,bnt this can only be done when 
the iron cools down to a dark-r^ oolcAr, and by the praotised 
eye of an intelligsat workman.'* 
































